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MERCURY BINDING POLYPEPTIDES AND 
NUCLEOTIDES CODING THEREFOR 

Background of t he Invention 
5 . Small chemical moieties, such as heavy imetal ions, 

can and oft-en do affect the environment and biological 
s-ystems. These effects become astounding when it is 
realized that minute quantities of these small moieties 
are involved. Moreover, the presence or absence of low 
10 concentrations of small moieties in the environment can 
have long term consequences. Minute quantities of 
metallic cations, such as mercury cations, can regulate, 
influence, change or toxify the environment or 
biological systems. 
15 The detection, removal, addition or neutralization 

of such minute quantities constitutes a focal point for 
continued research in many fields. For example, many 
efforts have been made to detect and remove minute, 
toxic amounts of heavy metal ions such as cadmium or 
20 mercury from the environment. The efforts often have 
not been successful or economical for widespread 
application. On the other hand, minute concentrations 
of other heavy metals are important for the proper 
function of biological organisms. Zinc, for example, 
25 plays a major role in wound healing. The function of 
magnesium in plant photosynthesis is another. 

Heavy metal can exhibit dual roles. Mercury is 
used in diuretics, topical anti-bacterial agents, skin 
antiseptics, ointments 7 and in chemical manufacturing 
3 0 operations. Yet when ingested by mammals, such as from 
drinking water, it is highly toxic in very small 
amounts. Hence, detection and quantification of minute 
concentrations of heavy metals in drinking water and 
other media would serve exploratory, safety and 
35 regulatory goals. 

It would, therefore, be highly desirable to 
identify and control minute quantities of heavy metals, 
e Q , mercury cations, in aqueous biological or 
X ^ inani^a-T'S^ cvstemr?. Inmost ccnte::ts. however, the 
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detection, removal, addition or neutralization of heavy 
metals, is a difficult and expensive and often 
unfeasible if not impossible, task. Other metallic 
contaminants often mimic the heavy metal of interest, 
5 Measurement interference will result. Moreover, the 
detection methods employed today are usually not 
sufficiently sensitive at the minute quantities under 
consideration. Consequently, it is desirable to develop 
reliable and economic methods for accurately identifying 

10 and controlling minute quantities of heavy metals in 
aqueous systems , 

Antibodies would seem to be uniquely suited for 
this task. Their high degree of specificity for a known 
antigen would avoid the interference caused by 

15 contaminants. The sensitivity of antibodies in the 
picomolar or lower range would permit accurate and 
efficient targeting and detection of such minute levels. 

Monoclonal antibodies, of course, come to mind as 
especially suited agents for practice of this technique. 

20 Since Kohler and Milstein published their article on the 
use of somatic cell hybridization to produce monoclonal 
antibodies ( Nature 256:495 (1974)), immunologists have 
developed many monoclonal antibodies which strongly and 
specifically immunoreact with antigens. 

25 Notwithstanding this suggestion, the conventional 

understanding about immunologfy teaches that antibodies 
against small moieties, such as heavy metals, cannot be 
developed. The mammal immunization step, which is key 
for the production of monoclonal antibodies, typically 

30 requires a molecule that is large enough to cause 

antigenic reaction. Medium sized molecules (haptens) , 
which are not of themselves immunogenic, can induce 
immune reaction by binding to an immunogenic carrier. 
Nevertheless, immunologists view small moieties such as 

35 metallic cations, as not large or structurally complex 
enough to elicit an antibody response. One theory 
^''appea^ to hold 'tE^^lectrcn rich rings sxza as t^.f-e" 
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associated with benzene and carbohydrates are needed at 
a minimum to cause immxinogenicity . V. Butler, S. 
Beiser. Adv. Immunol. . 17. 255 (1973) . The molecular 
size and lack of complexity of an inorganic moiety is 

5 thought to render it insufficient for eliciting an 
antibody response. To date, therefore, no monoclonal 
antibodies which immunoreact with mercury cations per se 
have been reported in the literature. 

Several immunologists have reported production of 

10 monoclonal antibodies to metallic ion chelates. For 
example, in U.S. Patent No. 4,722,892, monoclonal 
antibodies are disclosed which immunoreact with a 
complex of a chelating agent, such as ethylene diamine 
tetracetate (EDTA) , and a heavy metal such as indium. 

15 In EPO Patent Application 0235457, monoclonal antibodies 
that immunoreact with a chelate of gold cyanate and 
carbonate coating are disclosed. In these instances, 
however, the monoclonal antibodies bind with the metal 
chelate complex rather than the bare metallic ion 

20 itself. Disadvantages of these methods include: the 
complicated reagents involved in detection, lack of 
simple tests that discriminate among antigens, cross- 
reactivity with chelates of other antigens and cross - 
reactivity with the chelate itself. 

25 Other instances of monoclonal antibody combinations 

with metals involve metal tags. The metal chelates are 
bound to the antibody at a site remote from the antigen 
binding site or sites. The metal or metal chelate is 
not the antigen. Instead, it is a tag to indicate the 

30 presence of the monoclonal antibody when it reacts with 
its specific antigen. See for example, V.P. Torchilian 
et al., Hvbridoma . 6, 229 (1987); and C.F. Meares, 
Nuclear Mednnal Bioloov . 13, 311-318 (1986) . 

It is therefore, an object of the invention to 

35 develop polypeptides that immunoreact with heavy metals 
per se and with mercv.ry ions in particular. It is 
* another object cf n'lf in/^ntioR to develop methods for 
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detecting or neutralizing heavy metals within, adding 
heavy metals to, or removing heavy metals from 
biological or inanimate systems through the use of the 
monoclonal antibodies. Further objects include the 
5 development of nucleic acid sequences coding for 

polypeptides which immunoreact with mercury cations and 
* the development of methods of expressing these nucleic 
acid sequences to produce metal binding polypeptides. 

10 Summarv of the Invention 

These and other objects are achieved by the present 
invention which is directed to a metal binding 
polypeptide which immunoreacts with a heavy metal, such 
as a mercury cation. The metal binding polypeptide 

15 includes an amino acid sequence for a varicible region 
from a monoclonal antibody, wherein the monoclonal 
antibody immunoreacts with a mercury cation. For 
example, the metal binding polypeptide may include an 
amino acid sequence for a heavy chain Fd fragment 

20 (consisting of the heavy-chain variable region and 
heavy- chain constant region 1 domains) from the 
monoclonal antibody. The metal binding polypeptide may 
further include a heavy chain Fc fragment fused to the 
heavy chain Fd fragment or a phage coat protein or 

25 portion thereof fused to the heavy chain Fd fragment. 

Alternatively, the metal binding polypeptide may include 
an amino acid sequence for a light chaiiji from the 
monoclonal antibody. 

In another embodiment, the present invention 

30 provides a fusion protein which includes a phage coat 
protein or portion thereof fused to an amino acid 
sequence for a heavy chain variable region from the 
monoclonal antibody. The fusion protein preferably 
includes the heavy chain Fd fragment of the monoclonal 

35 antibody. The fusion protein may be present as part of 
the coat of a ohage and, preferably, the coat of a 
filamei^ous ohaae. 
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The invention is also directed to a heavy chain of 
the monoclonal antibody. The heavy chain preferably 
includes a sequence selected from a group of the 
sequences for the heavy chain variable region of certain 
5 specified monoclonal antibodies. The invention is also 
directed to a light chain of the monoclonal antibody. 
As with the heavy chain, the light chain preferably 
includes a sequence selected from a group of the 
sequences for the light chain variable region of certain 
10 specified monoclonal antibodies. 

Another embodiment of the invention provides a 
recombinantly produced Fab fragment that immunoreacts 
with a mercury cation. The recombinantly produced Fab 
fragment includes an amino acid sequence for a variable 
15 region from the monoclonal antibody which immunoreacts 
with the mercury cation. Preferably, the Fab fragment 
includes a heavy chain Fd fragment or a light chain from 
the monoclonal euitibody. 

The present invention also provides a monoclonal 
20 antibody which includes a Fab fragment. The Fab 

fragment immunoreacts with a mercury cation and includes 
an amino acid sequence selected from a group of 
sequences for the variable regions of certain specified 
monoclonal antibodies. The Fab fragment heavy chain 
25 preferably includes an amino acid sequence selected from 
a group of the sequences for the heavy chain variable 
region of the specified monoclonal antibodies. In 
another preferred embodiment, the Fab fragment light 
chain includes an amino acid sequence selected from a 
30 group of the sequences for the light chain variable 
region of the specified monoclonal antibodies. The 
monoclonal antibody may be a recombinantly produced 
monoclonal antibody. 

Yet another embodiment of the invention is directed 
35 to an isolated nucleic acid sequence coding for a 
variable region of a monoclonal antibody, e.g., the 
heav?|F-"&iin variable region or the ligi.t chair var-.able 
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region of the monoclonal antibody. The monoclonal 
antibody immunoreacts with a mercury cation. 
Alternatively, the isolated nucleic acid sequence may 
code for the heavy chain Fd fragment, the entire heavy 
5 chain or the entire light chain of the monoclonal 
antibody. 

The present invention is also directed to an 
expression cassette. The expression cassette includes a 
nucleic acid sequence coding for a variable region of 
10 the monoclonal antibody which immunoreacts with a 

mercury cation. The nucleic acid sequence coding for 
the variable region is operably linked to a promoter 
functional in a vector. The expression cassette may 
include the promoter operably linked to a nucleic acid 
15 sequence coding for a heavy chain Fd fragment of the 
monoclonal antibody. Alternatively, the expression 
cassette may include the promoter operably linked to a 
nucleic acid sequence coding for a light chain of the 
monoclonal antibody. The expression cassette may also 
include a leader sequence located between the promoter 
and the nucleic acid sequence coding for the monoclonal 
antibody chain. The leader sequence functions to direct 
the heavy or light chain to a membrane in a host cell. 

Another embodiment of the present invention is 
directed to an expression cassette coding for a fusion 
protein. This expression cassette includes a first 
nucleic acid sequence coding for a heavy chain Fd 
fragment- of a monoclonal antibody. The monoclonal 
antibody reacts with a mercury cation. The first 
nucleic acid sequence is linked for co-expression to a 
second nucleic acid sequence coding for a phage coat 
protein or a portion thereof to form a nucleic acid 
sequence encoding the fusion protein. The fusion 
protein includes the heavy chain Fd fragment fused to 
35 the phage coat protein or portion thereof. The 

expression cassette coding for the fusion protein also 
■'"iiicl^s'V promotes is factional in a vector^ The 
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promoter is operably linked to the first and second DNA 
sequences and provides for expression of the fusion 
protein. The expression cassette may also include a 
leader sequence which directs expression of the fusion 
5 protein to a membrane of a host cell* The leader 

sequence is located between the promoter and the nucleic 
acid sequence coding for the fusion protein. In 
addition, the expression cassette may include a third 
nucleic acid sequence coding for a peptide linker. The 
10 third nucleic acid sequence is typically located between 
the first and second nucleic acid sequences. The 
expression cassette may optionally include a fourth 
nucleic acid sequence coding for a light chain of a 
monoclonal antibody. Preferably, the light chain is a 
15 light chain of a monoclonal antibody that immainoreacts 
with a mercury cation. 

The present invention also is directed to a 
phagemid vector which includes one of the expression 
cassettes described sJDOve. 
20 The invention is further directed to methods for 

detecting, removing, adding, or neutralizing the heavy 
metals in biological and inanimate systems through the 
use of the metal binding polypeptides, heavy and light 
chains, fusion proteins, recombinantly produced Fab 
25 fragments and monoclonal antibodies described above. 

The advantages of the invention include among 
others: the lack of complication by additional 
reagents, a high discrimination against similar 
antigenic materials, lack of cross -reactivity with 
30 similar antigenic materials, and lack of cross- 
reactivity with test reagents. 

The metal binding polypeptide of the invention 
immunoreacts with a heavy metal per se, and preferably 
with a mercury cation per se. The state of the heavy 
35 metal dxiring this immunoreaction is one of non- 

--DD-dination with any other substance; in other words, 
: .:; bare or exposed. Preferably, the metal binding 
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polypeptide exhibits a substantially high degree of 
specific immunoreactivity toward the heavy metal. Also 
preferably, the metal binding polypeptide includes a 
portion of a recombinantly produced Fab fragment (e.g., 
5 the light chain or the heavy chain Fd fragment of the 
Fab fragment) and has an association constant for a 
heavy metal such as a mercury cation that is about 
10,000 fold greater than the association constant for 
the immunogen compound without the heavy metal. Also 

10 preferably, the metal binding polypeptide is 

immunospecific for a particular member of a group of 
very similar heavy metals. The monoclonal antibody will 
exhibit a relative association constant for such a 
particular heavy metal that is about 10,000 fold greater 

15 than that for the other heavy metals of such a group. 

The hybridoma of the invention, which produces the 
monoclonal antibody, is formed from immune cells that 
are specific for the heavy metal . The formation is 
accomplished by fusion of an immortal mammal cell line 

20 and mammal immune cells from a second mammal previously 
immunized with an immunogen compound which contains the 
heavy metal. Selection of the appropriate hybridoma is 
determined by cross -screening the secreted monoclonal 
antibody against the heavy metal and against controls 

25 which incorporate the heavy metal or very similar 
congeners . 

The immunogen compound of the invention is composed 
of a biopolymer carrier, a spacer arm covalently bonded 
to the carrier and the heavy metal coordinated to the 
30 spacer arm. The spacer arm is semi-rigid and has at 
least one heavy metal coordination site. This 
arrangement maintains the heavy metal in at least a 
partially exposed state and prevents substantially 
complete inclusion or chelation of the heavy metal by 
35 spacer arm and/or carrier. 

The biopolymer carrier may be a polysaccharide, a 
^ synthJtid-' polyamide or preferably a crotc:.r.. Preferred 
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classes include blood or tissue sera proteins. 

The spacer arm is no more than about 25 atoms in 
length. It is composed of one of three classes: an. . 
oligopeptide, an aliphatic compound or an aliphatic. 
5 fragment and, preferably, is an oligopeptide. The first 
two classes are each substituted with no more than about 
2 pendent Lewis acid or base groups, and a coupling 
group for forming a covalent bond with the protein 
carrier. The aliphatic fragment is substituted by a 
10 coupling group for forming a covalent bond with the 
protein carrier, and a carboxylic acid, hydroxyl, 
mercapto, amine or other group adapted for interacting 
with the heavy metal. For each class of spacer arm, the 
coupling group is an amine, carboxylic acid, aldehyde, 
15 hydroxyl or mercapto group. 

A preferred spacer arm for metallic cations is an 
oligopeptide or aliphatic compound having no more than 
about 2 pendent Lewis base groups wherein the 
deformation of the electron shell of the Lewis base 
20 group is approximately of the same character as the 
deformation of the electron shell of the metallxc 
• cation. Especially preferred Lewis base groups for 
transition elements and the heavy metals are those 
containing sulfur. Especially preferred are 
25 oligopeptides such as glutathione and cysteine, mercapto 
ethanol amine, dithiothreitol , amines and peptides 
containing sulfur, and the like. 

The metallic cations are derived from metals such 
as period four transition metals, and period five, six 
30 and seven metals, transition elements and inner 

transition elements. The metallic cations of special 
mention as the heavy metal include those derived from 
zinc. lead, cadmium, bismuth, cobalt, arsenic, chromium, 
copper, nickel, strontium and mercury- Preferably, the 
35 metallic cations are mercury cations, e.g. mercuric 

cations . . . ^ . 

: ■ tgffimethcds acc<.rci-.3 to th-. invention utilize the. 
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metal binding polypeptide for detection, removal, 
neutralization or addition of the heavy metal 
respectively in. from, within or to a liquid or gaseous 
medium. These methods utilize features such as metal 
5 binding polypeptide immobilization, heavy metal 

immobilization, competitive binding, and means employing 
an oscillating probe, a micromagnetic probe and other 
physiochemical methods typically used to monitor 
antigen- antibody interactions. 
10 Methods for detection that are based upon heavy 

metal immobilization may indicate the presence of the 
heavy metal-metal binding polypeptide conjugate (e.g., a 
mercuric cation-Fab fragment conjugate) by knovm 
immunologic assay techniques. In a first step, the 
15 heavy metal is coordinated with an immobilized spacer 
arm for the heavy metal. The spacer arm can be any of 
the foregoing that will hold the heavy metal in at least 
a partially exposed state. It need not be the same 
spacer arm of the immunogen compound used to develop the 
20 metal binding polypeptide. Non- immobilized materials 
are then removed from the mixture holding the 
immobilized spacer arm- heavy metal. Addition of the 
metal binding polypeptide (e.g.. Fab fragment), removal 
of unconplexed metal binding polypeptide and immunoassay 
25 complete the steps for this detection method. 

Methods for detection that are based upon an 
immobilized metal binding polypeptide may utilize a 
radioactive version of the heavy metal or a similar 
tagged form thereof. Such tags include fluorescent, 
30 calorimetric and other spectrally active groups that can 
be coordinated or bonded to the heavy metal like the 
spacer arm. A preferred tag is a spacer arm containing 
a spectrally active group. First, the immobilized 
monoclonal antibody is saturated with the tagged heavy 
35 metal. After removal of the non- immobilized components, 
an ajUquot of the^^^^^own heavy metal is added. 
ci3o.llces a porti^cln^ the bound, tagged heavy metal and 
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measurement of that amount displaced will determine the 
concentration of unknown metal. 

Methods for detection that are based upon an 
oscillating probe utilize either an immobilized spacer 

5 arm for the heavy metal or preferably immobilized metal 
binding polypeptide. This method measures the change in 
frequency of an oscillating surface as a function of the 
change in weight of that surface due to the binding of 
the non-inimobilized heavy metal or metal binding 
10 polypeptide. In the preferred method the metal binding 
polypeptides are immobilized on the surface of a high 
frequency oscillating probe. The probe is placed into a 
medium containing an unknown quantity of heavy metal. 
Binding of the heavy metal to the immobilized metal 
15 binding polypeptide will change the oscillation 

frequency of the probe. Hence, the degree of change 
will indicate the level of heavy metal present. 

When the heavy metal is present as a metal cation 
in an aqueous medium, an especially preferred method for 
20 detection utilizes an oligopeptide having reactive 
sulfhydryl group (s) capable of coordinating with the 
metal cation. The oligopeptide and the metal binding 
polypeptide specific for the metal cation unknown are 
added to the aqueous medium. The medium then is assayed 
25 for the presence of metal binding polypeptide cation 
conjugate. The interaction of the metal binding 
polypeptide with the metal cation is independent of the 
order of addition of the reactants and is independent of 
the identity of the oligopeptide. 
30 In an especially preferred version of this method, 

a fixed support is utilized. Here, either the 
oligopeptide or the metal binding polypeptide is 
immobilized on the fixed support. The method is then 
conducted as related above. 

The invention, in addition, contemplates methods 
for heavy metal removal , from^. heavy metal neutralization 
within or heavy metal addition to biological 
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inanimate systems. For all methods, an effective amount 
of the metal binding polypeptide is combined in some 
fashion with at least part of the system. Pursuant to 
the removal method, metal binding polypept ide -heavy . ' 
5 metal conjugate is removed by separation means such as 
immunoprecipitation, immobilization, chromatography, 
filtration and the like. Pursuant to the neutralization 
method, the metal binding polypeptide-heavy metal 
conjugate remains in the system until it is removed by 
10 non-specific means. Pursuant to the addition method, 

the metal binding polypeptide-heavy metal conjugate also 
remains in the system and the heavy metal is actively 
incorporated or otherwise used therein. 

vnien the system participating in the foregoing 
15 methods is biological, the metal binding polypeptide may 
be combined with a pharmaceutically acceptable carrier. 
Preferably, the metal binding polypeptide will not of 
itself cause an undesirable immune response of the 
biological system. The biological systems contemplated 
20 according to the invention include unicellular 

organisms, multicellular simple organisms, cellular 
component systems, tissue cultures, plants and animals. 

including mammals . 

The present invention also contemplates methods for 

25 removing heavy metallic cations or radioactive compounds 
from human fluids such as blood, serum or lymph by 
utilization of immobilized monoclonal antibodies. An 
extracorporeal shunt placed in the patient permits 
removal of the body fluid and its reint reduction. 

30 Passing the body fluid extracorporeally through a bed of 
immobilized metal binding polypeptide accomplishes the 

desired removal. 

• When a method for adding a metal binding 
polypeptide-heavy metal conjugate to a biological or 
35 inanimate system is contemplated, the metal binding 

pplyp^^de. . will preferably be bifunctional . The second 
binding site of tha netal bii.cing polypeptide will be 
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reactive with a selected component of the system. That 
component may be a complex organic molecule, living 
cells, selected tissue of a tissue culture or a selected 
tissue of an animal. In this method, the heavy metal 
5 will exert a desirable action upon the component of the 
biological or inanimate system targeted. 

The present invention also contemplates a kit for 
assaying the presence and quantity of heavy metal in a 
biological or inanimate system. The kit includes 

10 aliquots of metal binding polypeptides in the 

appropriate buffer, as well as a fixed support for 
absorption of the heavy metal, washing solutions, 
reagents such as enzyme substrates, and metal binding 
polypeptide specific antisera conjugated to a detectable 

15 substrate. 



20 



prief De -i ?cription of th e Drawings 

Figure 1 shows a graph of Che results of an 
imraunosorbent assay. The results depict the competitive 
binding of mercuric ion and magnesium ion for a 
monoclonal antibody to mercury. 

Figure 2 shows a graph of an immunosorbent assay. 
The results depict the competitive inhibitory binding of 
mercury and various divalent cations for a monoclonal 
25 antibody to mercury. 

Figure 3 is a graph of the results of an 
immunosorbent assay of the binding of a monoclonal 
antibody to several heavy metal ions. The monoclonal 
antibody is specific for mercuric cations. 
30 Figure 4A depicts the nucleotide and deduced amino 

acid sequences for amino acids 1 through 59 of the heavy 
chain variable regions of monoclonal antibodies which 
iramunoreact with a mercury cation. The gaps from 
positions 1 to 6 in all the antibodies except mAb 4A10 
35 correspond to the primers used for PGR amplification. 
Sir^/? ...the^e sequences in the antibodies are not known 
y itli'^ cti'irtainty, they were omitted from the Figure. The 
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cysteine residues thought to be important for mercury 
binding are shown encircled. The numbering scheme is 
according to Kabat et al., Sequences of Proteins of 
immunological interest, vol. II. 5th edition, U.S. 
5 Department of Health and Human Services (1991) . Dashes 
indicate sequence identity with the 4A10 sequence; 
periods indicate gaps compared to 4A10. 

Figure 4B depicts the nucleotide and deduced amino 
acid sequences for amino acids 60 through 105 of the 
10 heavy chain variable regions of the monoclonal 

antibodies of Figure 4A. The cysteine residues thought 
to be important for mercury binding are shown encircled. 
Dashes indicate sequence identity with the 4A10 
sequence; periods indicate gaps compared to 4A10. 

Figure 4C depicts the nucleotide and deduced amino 
acid sequences for amino acids 106 through 113 of the 
heavy chain variable regions of the monoclonal 
antibodies of Figures 4A and 4B. The cysteine residues 
thought to be important for mercury binding are shown 
encircled. Dashes indicate sequence identity with the 
4A10 sequence; periods indicate gaps compared to 4A10. 

Figure 5A depicts the nucleotide and deduced amino , 
acid sequences for amino acids 1 through 55 of light 
chain variable regions of monoclonal antibodies which 
25 immunoreact with a mercury cation. The cysteine 

residues thought to be important for mercury binding are 
shown encircled. The numbering scheme is according to 
Kabat et al. Dashes indicate sequence identity with the 
IFIO sequence; periods indicate gaps compared to IFIO . 
30 Figure 5B depicts the nucleotide and deduced amino 

acid sequences for amino acids 56 through 107 of light 
. chain variable regions of the monoclonal antibodies of 
Figure 5A. The cysteine residues thought to be 
important for mercury binding are shown encircled. 
35 Dashes indicate sequence identity with the iFlO 

sequence; period^s^indicate gaps compared to^ ■ f f 
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r.^.^i^^A p^^o-ription of 1-be Tnve>atiQn 

Metal binding polypeptides of the present invention 
are key to the development of methods for detecting, 
adding, neutralizing or removing minute quantities of 
5 -heavy metals. Until the present invention, it was not 
possible to produce metal binding polypeptides which 
immunoreact with exposed heavy metal cations per se. 
The novel technicjues for incorporating heavy metals into 
immunogen compounds and for administering these 
10 immunogen compounds to immune cell hosts allow 

production of the desired, immunospecif ic monoclonal 
antibodies according to the invention. These methods 
are believed to constitute an advancement in the 
understanding of immunology. 
15 Although not intended as a imitation of the 

invention, it is now believed that mammalian immunogenic 
reactivity can be elicited by heavy metals. While they 
are smaller than the commonly recognized epitopal size 
of approximately 20-25 angstroms, the heavy metals 
20 nevertheless can epitopally bind. 

Notwithstanding these beliefs, the invention 
contemplates metal binding polypeptides which 
immunoreact with a heavy metal, e.g. monoclonal 
antibodies to heavy metals. The hybridomas for the 
25 monoclonal antibodies and the immunogen compounds for 
carrying the heavy metals and inducing immunogenicity 
are also included. The metal binding polypeptides may 
include a monoclonal antibody, a recombinantly produced 
Fab fragment or a fusion protein. The fusion protein 
30 includes the heavy chain variable region of a monoclonal 
antibody, wherein the monoclonal antibody immunoreacts 
with a heavy metal such as a mercury cation. The 
invention also provides methods for the detection, 
addition, neutralization or removal of heavy metals 
35 using the metal binding polypeptides. 
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Monoclonal Antibodies 
The monoclonal antibodies of the invention are 
mammalian immunoglobulin proteins which have strong 
affinity constants for a specific hea^/y metal.. 
5 Preferably, they are from the IgG, IgA, IgM and IgE 
classes of immunoproteins . They are characterized by 
selective immxinoreactivity with a particular heavy metal 
and a substantially lower immunoreactivity with other 
similarly structured heavy metals. Preferably, the 

10 monoclonal antibodies have an association constant for 
the selected heavy metal that is at least about 10,000 
fold greater than the association constant for the 
similarly structured heavy metal . With respect to heavy 
metal cations, the especially preferred IgG class of 

15 monoclonal antibodies of the present invention exhibit 
discriminatory dissociation constants of about 10** to 
about lO"'^. One example is a monoclonal antibody of the 
IgA class which is produced by hybridoma IFIO, and has a 
dissociation constant for mercury cation of less than 

20 about 10"' but does not bind cadmium, copper, zinc, lead, 
nickel and cobalt cations to any appreciable extent. 
Another example is a monoclonal antibody of the IgG 
class which is produced by hybridoma 5H1, and has a 
dissociation constant for lead cation of less than about 

25 10'' but does not bind cadmium, copper, zinc, mercury, 
nickel and cobalt cations to any appreciable extent. 

Immunoaen Compounds 
The immxinogen compounds for generation of the 
specific immunogenicity of the monoclonal antibodies are 
based upon the hapten-carrier concept. The present 
invention, however, broadens this concept so that the 
hapten is coordinated at the end of a spacer arm 
covalently bonded to the carrier. The spacer arm is 
adapted^^ as to be semi-rigid and to hold the heavy 
metal ?r. a^ exposed position relative to the carrier. 
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This arrangement is also adapted to maintain the heavy 
metal in a substantially exposed and preferably, 
essentially completely exposed state. These factors 
combine substantially to avoid chelating, covering or 
5 inclusion of the heavy metal by the spacer arm and/or 
the carrier. 

The spacer arm, as characterized above, may be an 
oligopeptide, an aliphatic compound, or an aliphatic 
fragment. In the latter two instances, the aliphatic 
10 compound or fragment may be covalently bonded to the 
carrier by means of a Schiff base reaction with an 
aldehyde group, an amide reaction with an amine or 
carboxylic acid group using a peptide activator such as 
carbodiimide, acid chloride and the like, an ester 
15 reaction with a hydroxyl or carboxylic acid group using 
a Schotten Bauman reaction, or azide or acid catalysis 
reaction, a sulfide reaction using a sulfide coupling 
agent, or other known coupling reactions for joining 
organic molecules to proteins. Sg£ for example Rabat, 
20 E.A., st-metural CQncep ^B In Immunology and 

Tnn.,mnnhgmistrv . 2s^^^, Holt, Rinenary and Winston, 
New York, 1976 (a review text of such methods) and Jaime 
Eyzaguirre, r'^'-mtcAl Mo Hi f i eation of Rnzymes; Active 
fiit.f, Studies . John Wiley & Sons (1982), the disclosures 
25 of which are incorporated herein by reference. The 
oligopeptide, aliphatic compound or fragment will 
contain backbone groups which provide semi-rigidity to 
the spacer arm. Preferred groups for developing this 
semi-rigidity include peptide bonds, olefin bonds, 
30 olefinic conjugated systems, ester groups and enone 

groups, optionally, and especially where immunogenicity 
of the heavy metal appears difficult to generate, one or 
more aromatic rings can be incorporated into the spacer 
arm to stimulate the development of an immune response. 
35 In general, the oligopeptide spacer arm has the 

fol^pwng formula.: 



1 • - X - (R) - Y 
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wherein X is a coupling group that will bond to the 
carrier, R is one or more amino acid residues and Y is 
the Lewis Acid or Base group (s) for heavy metal 
coordination. 

5 In general, the aliphatic compound or fragment 

spacer arm has the following formula: 

- X - (Q) - Z 

wherein X is a coupling group that will bond to the 
carrier, Q is a semirigid aliphatic moiety containing 

10 ester, amide, keto, olefin or aromatic groups and the 
like, and Z is a Lewis acid or Base group (s) for heavy 
metal coordination. 

Preferably, an oligopeptide or aliphatic compound 
is used as the spacer arm to coordinate a metal cation. 

15 In this instance, the pendent Lewis base groups will 
prefercUDly be positioned at the spacer arm end remote 
from the carrier. These Lewis base groups function as 
the coordination site or sites for the metal cation. It 
is preferable that the deformability of the electron 

20 shells of the Lewis base groups and the metal cations be 
approximately similar. Accordingly, sulfur groups can 
serve as the Lewis base groups when the metal cations 
are transition metals or inner transition elements. 

The carrier of the immunogen compound is a large 

25 biopolymer that is known to participate in the 
development of hapten antigenicity. Blood serum 
proteins, amylopectins, polysaccharides, fetal serum 
components, biologically acceptable natural and 
synthetic proteins and polyamides such as polyglycine 

30 can serve as the carriers. Preferred carriers include 
serum and tissue proteins. Examples are keyhole limpet 
hemocyanin (KLH) and bovine serum albumin (BSA) . Other 
examples include ovalbumin and chicken gamma globulin. 
These carriers have sites for coordinate bonding of the 

35 spacer arm. Such sites are preferably populated by 
amine groups, carbo>ry-li:: acid groups, aldehyde groups 
andltor alcohol ajr J^gc . 
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Production of Hybridonias 
The production of hybridomas according to the 
invention generally follows the Kohler, Milstein 
technique . Many heavy metals , however, toxif y the 
5 mammalian system being used as a source of immune cells.. 
This effect makes it important to determine the highest 
allowable dose of heavy metal and/or immunogen compound 
that can be used over a substantially long period of 
time without killing the host. 

10 Pursuant to the Kohler, Milstein technique, 

immunization of the mammalian host is accomplished 
within this dose parameter by subcutaneous or 
intraperitoneal injection of the immunogen compound in 
adjuvant. Administration is repeated periodically and 

15 preferably for at least four injections. Three days 
before the spleen is removed^ a priming injection of 
immunogen compound is again administered. 

After their separation, the spleen cells are fused 
with immortal mammal cells such as mouse myeloma cells 

20 using the techniques outlined by Kohler and Milstein. 

Polyethylene glycol (PEG) or electrical stimulation will 
initiate the fusions. 

The fused cells are then cultured in cell wells 
according to culture techniques known in the art. 

25 Cellular secretions in the culture medium are tested 
after an appropriate time for the presence of the 
desired cellular products. 

Selection Technique 
30 The selection technique for identifying the 

appropriate monoclonal antibody is an important aspect 
for determining the immunospecif icity desired according 
to the invention. The selection techniques according to 
the invention call for determining the binding affinity 
3 5 of the hybridoma cellular products against the heavy 
natal and against cross -reactive controls. In 
partiralar, hybridoma culture fluid is tested in 
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screening assays against the heavy metal, the carrier, 
the carrier- spacer arm product and the immunogen 
compound as well as optionally against the spacer arm- 
heavy metal coordinate. Screening assays can be 
5 -performed by immunoenzymatic -assay, immunofluorescence, 
fluorescence -activated cell sorter, radioimmunoassay, 
immunoprecipitative assay or inhibition of biological 
activity. 

The hybridoma cultures selected will exhibit strong 
10 binding characteristics to the heavy metal (and 

immunogen compound) and will not bind with the spacer 
arm-carrier product and with the carrier itself. 

Following the identification of cell cultures 
producing the desired monoclonal antibodies, subcloning 
15 to refine the selected culture can be performed. These 
techniques are known to those skilled in the art. See 
for example Coding, James Coding, Monoclonal Antibodies: 
Principle?^ and Practice . 2nd Edition. Academic Press, 
San Diego, CA 1986, the disclosure of which is 
20 incorporated herein by reference. Briefly, the 

appropriately selected cell culture is separated into 
one cell units which are then recultured. The subclone 
cultures are then again tested for specific 
immunoreactivity, lack of cross-reactivity and the 
25 amount of monoclonal antibody secreted. Those 

subcultures exhibiting the highest amounts of secreted 
monoclonal antibody are chosen for subsequent pilot 
de ve lopment . 

Following the foregoing techniques, a number of 
30 hybridomas producing monoclonal antibodies to mercury 
cations have been developed. These perpetual cell 
lines, designated IFIO, 4A10, ICll, 5GH, 23F8, 2D5 and 
5B6 are maintained in culture medium and in frozen 
medium at liquid nitrogen temperature at the 
35 laboratories of Bionebraska. 

The immunogenic host for these hybridomas was ::he: 
BALB/cMnotise and the fusion partner was chos-^n trr.n i € 
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mouse myeloma cell lines P3X63-Ag8 . 653 or SP2/0.. 
Immunizations were accomplished with the immunogen 
compound formed from KLH/ glutathione and mercuric 
cation functioning as the heavy metal in complete 
5 -Freund's adjuvant. 

PGR Amplification 
PGR amplification of Fd and k regions from the 
spleen mRNA of a mouse immunized with BSA-glutathione-- 
10 mercuric ion may be performed as described by Sastry et 
al., Pr-ofT, Natl. Ar-ad. Sci. U.S.A.. 86. 5728 (1989). The 
PGR amplification is performed with cDNA obtained by the 
reverse transcription of the mRNA with primer specific 
for amplification of heavy chain sequences or light 
15 chain secpiences. 

The PGR amplification of messenger RNA (mRNA) 
isolated from spleen cells or hybridomas with 
oligonucleotides that incorporate restriction sites into 
the ends of the amplified product may be used to clone 
20 and express heavy chain sequences (e.g., the 

amplification of the Fd fragment) and k light chain 
sequences from mouse spleen cells. The oligonucleotide 
primers, which are analogous to those that have been 
successfully used for amplification of V„ sequences (see 
25 Sastry et al., Proc. Natl. Acad. Sci U.S.A.. M.* 5728 
(1989)), may be used for these amplifications. 
Restriction endonuclease recognition sequences are 
typically incorporated into these primers to allow for 
the cloning of the amplified fragment into a \ phage 
30 vector in a predetermined reading frame for expression. 

Ex pression of Fab Fraomen tis on Phage Coat 
Phage assembly proceeds via an extrusion -like 
process through the bacterial membrane. Filamentous 
35 phage M13 has a 406 -residue m.inor phage coat protein 
(cplll) which is exoresserl before extrusion and which 
accrlnicaJates on the inner :U-nlrane facing into the 
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periplasm of E. coli. The two functional properties of 
cpIII, infect ivity and normal (nonpolyphage) 
morphogenesis, have been assigned to roughly the first 
and second half of the gene. The terminal domain of 
5 cpIII binds to the F' pili, allowing for infection of E. 
coli, whereas the membrane -bound C- terminal domain, 
P198-S406, serves the morphogenic role of capping the 
trailing end of the filament according to the vectorial 
polymerization model. 

10 A phagemid vector may be constructed to fuse the 

antibody Fd chain with the C- terminal domain of cpIII 
(see Barbas et al., Proc. Natl. Acad. Sci . USA . 88, 7978 
(1991)). A flexible five-amino acid tether (GGGGS) , 
which lacks an ordered secondary structure, may be 

15 juxtaposed between the expressed Fab and cpIII domains 
to minimize interaction. The phagemid vector may also 
be constructed to include a nucleotide coding for the 
light chain of a Fab fragment. The cpIII/Fd fragment 
fusion protein and the light chain protein may be placed 

20 under control of separate lac promoter /operator 

sequences and directed to the periplasmic space by pelB 
leader sequences for functional assembly on the 
membrane. Inclusion of the phage Fl intergenic region 
in the vector allows for packaging of single-stranded 

25 phagemid with the aid of helper phage. The use of 

helper phage superinfection may result in expression of 
two forms of cpIII . Consequently, normal phage 
morphogenesis may be perturbed by competition between 
the cpIII/Fd fragment fusion protein and the native 

30 cpIII of the helper phage for incorporation into the 
virion. The resulting packaged phagemid may carry 
native cpIII, which is necessary for infection, and the 
fusion protein including the Fab fragment, which may be 
displayed for interaction with an antigen and used for 

35 selection. Fusion at the C-terminal domain of cpIII is 
n >-::'-?ssitated by the phagemid approach because fusion 
'''' i^hs infect i^^^^^^^erminal domain would render ^he 
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host cell resistant to infection. The result is a phage 
displaying antibody combining sites ("Phabs") . The 
antibody combining sites, such as Fab fragments, are 
displayed on the phage coat. This technique may be used 
5 to produce Phabs which display recombinantly produced 
Fab fragments, such as recombinantly produced Fab 
fragments that iromunoreact with a mercury cation, on the 
phage coat of a filamentous phage such as M13 . 

A phagemid vector (pComb 3) which allows the 
10 display of antibody Fab fragments on the surface of 
filamentous phage, has been described (see Barbas at 
al., Pt^r.. Natl, l^r-^^- Sci . USA . 7978 (1991)). Xho 

I and Spe I sites for cloning PCR-araplif ied heavy-chain 
Fd sequences are included in pComb 3. Sac I and Xba I 
15 sites are also provided for cloning PCR-amplif ied 
antibody light chains. These cloning sites are 
compatible with known mouse and human PCR primers (see, 
e.g., Huse et al., SsiSQSS, 21£, 1275-1281 (1989)). The 
nucleotide sequences of the pelB leader sequences are 
20 recruited from the X HC2 and X LC2 constructs described 
in Huse et al, ibid , with reading frames maintained. 
Digestion of pComb 3, encoding a selected Fab, with Spe 
I and Nhe I permit the removal of the gene III fragment, 
which includes the nucleotide sequences coding for the 
25 antibody Fab fragments. Because Spe I and Nhe I produce 
compatible cohesive ends, the digested vector may also 
be religated to yield a phagemid that produces soluble 
Fab. 

Phabs may be produced by overnight infection of 
30 phagemid containing cells (e.g., infected E. coli XL-1 
Blue) yielding typical titers of 10" cfu/ml. By using 
phagemids encoding different antibiotic resistances, 
ratios of clonally distinct phage may easily be 
determined by titering on selective plates. In single- 
35 pass enrichment experiments, clonally mixed phage may be 
incubated with an antigen -coated plate. Nonspecific 
phage'will be removed by washing, and bound phage mrn- 
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then be eluted with acid and isolated. 

Methods of ADPlication 
According to the invention, the metal binding 
5 polypeptide can be used to advantage for detection, 

neutralization, addition or removal of heavy metals from 
biological or inanimate systems. These methods apply to 
qualitative and quantitative analyses of minute 
concentrations of toxic metal cations, in aqueous liquid 

10 systems, in biological or environmental systems or in 
such compositions as perfumes, cosmetics, 
pharmaceuticals, health care products, skin treatment 
products, pesticides, herbicides, solvents used in the 
production of semi-conductor and integrated circuit 

15 components and production materials for electronic 

components. In each application, the presence of minute 
quantities of metallic cations could constitute 
deleterious contaminants.. Their ready and early 
detection will avoid later production or regulatory set- 

20 backs. 

Alternatively, the presence of minute quantities of 
heavy metals in certain instances may be desirable. For 
example, the presence of inorgcuiic moieties in such 
mixtures as doping materials for semi-conductors and 

25 integrated circuits contributes to the properties of the 
product. Quality control of the presence and 
concentration of these heavy metals is essential for the 
functioning of the product. The detection methods of 
the invention enable ready and early measurement of the 

30 presence of such heavy metals and avoid later production 
or regulatory difficulties. 

Heavy metals in biological or inanimate systems can 
also be removed by methods according to the invention. 
In the main, immobilization of the metal binding 

35 polypeptides on a solid support followed by its mixture 
with the materials of the biologioai or inanimate system 
wilf rei^/^. the heaw iretalr: Ii ♦ I'is instancfi, the 
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immobilization of the monoclonal antibodies can be 
accomplished by techniques known to those of skill in 
the art. See , for example. Affinity Chromatography. 
C.R. Fowe & P.D.G. Seam, John Wiley & Sons, London 1974, . 
5 -the disclosure of which is incorporated herein by 

reference*. Removal is accomplished by passing a fluid 
mixture of the system ingredients suspected as having 
the heavy metals over the immobilized metal binding 
polypeptides. Of course, the metal binding polypeptides 

10 are designed to be specific for the heavy metal sought 
to be removed. 

An advantage of this method is the removal of 
undesirable heavy metals in the presence of similarly 
structured desirable metal species. For example, whole 

15 blood from a patient suffering from mercury poisoning 
can be removed from the patient, optionally filtered to 
return the cellular blood components to the patient, and 
the serum or blood passed over immobilized metal binding 
polypeptides specific for the mercury. The purified 

20 serum or blood can then be returned to the patient. The 
mercury will be removed but other blood serum components 
such as zinc, calcium, iron and the like will not. 

Likewise, a doping mixture for integrated circuits 
which contains a trace transition metal can be passed 

25 over immobilized metal binding polypeptides which are 
specific for an undesirsJale neighboring transition 
metal. The complexation will remove any of the 
undesirable transition metal present and produce an 
ultrapure doping mixture for the integrated circuit 

3 0 component s . 

Methods for adding heavy metals to biological or 
inanimate systems focus on the delivery of the heavy 
metal to a particular site. In this instance, the metal 
binding polypeptides will be bifunctional . The second 

35 binding site will be adapted to complex with a selected 
rit2 v/ithin the biological or inanimate system. In this 
: the'^metai binding polypeptide -heavy metal 
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conjugate will deliver the heavy metal t.o a specific 
site. 

This method is particularly suited for heterogenous 



5 uniform concentration of the heavy metal in a system 
that would otherwise cause its uniform or homogenous 
distribution. Examples include the delivery of 
radioactive compounds to specific organs and/or tissues 
in biological or inanimate systems and the delivery of 

10 metallic cations molecules to specific sites within a 
system. Fluid or semi-fluid flow of system ingredients 
would be preferred so that transport of the metal 
binding polypeptide-heavy metal conjugate can be rapidly 
made. The presence of a fluid medium, however, is not 

15 an important characteristic. Gels, semi-solidified 
systems and the like can be employed as long as some 
semi-fluid connection is present for diffusion of heavy 
metal and metal binding polypeptide. For administration 
of the metal biriding polypeptides to biological systems, 

20 the antigenicity of the metal binding polypeptides 
themselves will preferably be minimized. Use of 
species-specific cell sources for generation of the 
hybridomas is an appropriate technique for minimizing 
the antigenicity of metal binding polypeptides, such as 

25 monoclonal antibodies. Cross -reaction studies of the 
host and the metal binding polypeptide can also be made 
to determine lack or minimization of metal binding 
polypeptide sensitivity. A preferred means for avoiding 
adverse immune reaction is the use of the Fab or F(ab)2 

30 fragments of the monoclonal antibodies of this 

invention. These fragments do not contain the heavy 
chain tail primarily responsible for such immune 
reactions and are made by known methods. Their small 
size and direct carriage of the heavy metal allows them 

35 easily to pass through or intimately to attach to 

cellular membranes. They have few bulky groups that 



wol^.d inter f*ere^^h these processes. 



delivery processes. These processes enable the non- 




wo 95/20607 



PCTAJS9S/01199 



27 

In instances involving in vivo application, the 
dosage level and routes of monoclonal antibody 
administration will follow the judgment of the medical 
practitioner who is in an appropriate position to 
5 understand the needs and problems of the patient or 

mammal. In these situations, the dosage levels of 
' monoclonal antibody compositions being administered will 
be consonant with the toxicity and sensitivity levels 
determined for the patient or mammal. The monoclonal 

10 antibody compositions will generally be combined for 

administration with a pharmaceutical ly acceptable medium 
such as water, alcohol, buffered aqueous medium, 
excipients, diluents and the like. Active transport 
agents can also be included. In general, the processes 

15 of administration for removal or addition of heavy 

metals will maintain concentrations as high as possible 
so that the period for patient intervention is 
minimized. In each instance, consideration of the 
physiological characteristics of the heavy metal will be 

20 important for determining the dosage levels and route of 
administration. 

Specific Applications 
A particular application of the present invention 
25 contemplates a method for the production of monoclonal 
antibodies specific for the mercuric cation or another 
toxic, heavy metal cation. In accordance with this 
method, the heavy metal cation in question is combined 
into an immunogen compo\ind as described above and 

30 suspended in an aqueous medium. The preferred protein 
carrier for the immunogen compound in this instance is 
keyhole limpet hemocyanin. The preferred spacer arm in 
this instance is an oligopeptide which has sulfhydryl 
groups capable of coordinating with the heavy metal 

35 cation. Glutathione is especially preferred as the 
spacer arm. The suspension of Irnnunogen compound is 
used'to immunize d host m.in\mal i i: 1 23 a mouse following 
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the techniques outlined above. The laboratory strain of 
mouse designated BALB/c is particularly preferred. 

Antibody-producing cells of the immunized host's 
soieen are collected and converted into a suspension. 
5 These spleen cells are fused with immortal cells as 

described above. Preferably, myeloma cells of the same 
animal species as the immunized host are used as the 
fusion partner. Typically, a cell fusion promoter such 
as polyethylene glycol is employed to cause formation of 

10 the hybridoma cells. The hybridoma cells are diluted 
and cultured in a medium which does not allow for the 
growth of unfused cells. 

The monoclonal antibodies produced and secreted by 
the hybridomas are thereafter assayed for the ability to 

15 bind immunologically with the heavy metal cations used 
for immunization. They are further selected for lack of 
cross -reactivity with carrier and with carrier- spacer 
arm. The preferred assay method in this context is an 
enzyme- linked immunosorbent assay. 

20 The resulting monoclonal antibodies are specific 

for toxic heavy metal cations and exhibit strong 
complexation to the heavy metal cations when in the 
presence of spacer arm, the spacer arm- carrier 
composition and other similarly structured cations. 

25 Preferred monoclonal antibodies are selectively 
immunoreactive with cations of mercury. 

According to an embodiment of a method for 
detecting the presence of toxic heavy metal cations, an 
immobilized coordinating con5>ound is combined with the 

30 unknown mixture containing the toxic heavy metal cation. 
The heavy metal cation complexes with coordinating 
compound and is immobilized thereto. Removal of the 
non- immobilized components leaves a mixture of the 
immobilized toxic heavy metal cation. Addition of the 

35 metal binding polypeptide specific for the toxic heavy 
metal cation forms an immobilized cation-metal binding 
i: r b/'Kti t ifife^cortiuqate . ^Its presence and concentration 
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can be assayed by an ELISA technique or other tagging or 
visualization technique known to those of skill in the 
art.. In this process, of course, non- immobilized metal 
binding polypeptide is removed before the assay is 

5 conducted. 

A kit for cjuantitatively measuring the presence of 
a heavy, metal cation by the method described above is a 
further aspect of the invention. The kit will include 
the immobilized coordination compound, preferably, 
10 attached to a solid support such as the well of a 

microtiter plate or a chromatographic material, and a 
metal binding polypeptide specific for the toxic metal 
cation in question, wherein the metal binding 
polypeptide is preferably metered into several aliquots 
15 of varying, known concentration- A third component of 
the kit will be the visualization or tagging assay 
material for determination of the presence of the metal 
binding polypeptide -heavy metal cation conjugate. If 
desired, a meter or other device for detecting and 
20 signaling the level of visual or other reading from the 
assay may also be included. 

The invention will be further characterized by the 
following examples. These examples are not meant to 
limit the scope of the invention which has been fully 
25 set forth in the foregoing description. Variation 
within the concepts of the invention are apparent to 
those skilled in the art. 

Example 1 

30 Mercury Cation Monoclonal Ant ibodies 

A. g eneral P rocedures 

1. Generation of H ybridomas 

Hybridoma antibodies have been produced with the 
spleen cells of BALB/c mouse that had received multiple 
35 injections of mercuric ions reacted with glutathione to 
produce a mercuric ion coordinate covalent compound, 
which,. was covalent ly bound to keyhole limpet hemocyanin 
(^:£i^hi . The KLH in complete Freund's adjuvant was 
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utilized to assist in the elicitation of an immune 
response in the host animal. Glutathione is a three 
amino acid residue peptide having one reactive 
sill fhydryl group which forms a coordinate bond with 
5 jnercuric ions. 

Of hybridomas isolated, a number were determined to 
be producing monoclonal antibody specific for 
glutathione as set forth below in Table I. In addition,, 
eight other hybridomas (IFlO, 4A10, ICll, 5G4, 23F8, 

10 2D5, 5B6 and 3E8) were producing monoclonal antibodies 
that were strongly positive against glutathione-mercuric 
ions but negative against glutathione without mercuric 
ions (Tables I and II) . These three antibodies were 
subcloned by limiting dilution for further charac- 

15 terization. Another antibody (3F5) , not included in the 
Tables, which appeared to be specific for glutathione 
but bound more tightly in the presence of mercuric ions, 
was also subcloned. 

20 TABLE I: ELISA Results From Initial 

Screening of Hybridoma Antibodies Reactive 
With Glutathione or Glutathione-Mercuric ions 

Hvbridoma Glutathione Glutathione-mercuric ions 



IHll 


1.202 


1.246 


2A9 


1.052 


0.758 


3A12 


2.127 


1.792 


3H9 


2.134 


1.606 


IFlO 


0.406 


1.175 


3E8 


0.410 


1.076 


4A10 


0.40O 


1.104 


Negative" 


0.456 


0.428 



•Values are the absorbance at 405 nm shown by the 
specified hybridoma antibody in the ELISA. 

35 

'^he value shown is the average absorbance at 405 nm 
of six wells on and ELISA plate that received culture 
fluid containing a monoclonal hybridoma antibody 
specific for dinitrophenol instead of culture fluid 
v»4P, c^^taining avjrij^g^ic ion specific monoclpnal ^tibpdy 
i-^the first s-yl^p^f thi assay. 
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RT.T.qA Results of Hybr idoma Antibodies Immunoreactive 
With Glutathione-Mer curic Ions 

Ninety- six- well microti ter plates (EIA/RIA grade) 
were treated with BSA-glutathione, blocked with 1% 
5 polyvinyl alcohol in PBS and used for the ELISA. One 
hundred microliters of mercuric nitrate 100 ppb in Hepes 
100 mMolar pH 7.2 was added to the wells for 30 minutes. 
The plates were washed three times, and then hybridoma 
culture supernatant was added for 30 minutes at room 

10 temperature, followed by goat anti-mouse conjugated to 
horseradish peroxidase. After incubation for 30 minutes 
at room temperature, the plates were washed, and 100 ul 
of ABTS peroxidase substrate was added to each well. 
After 15 min at room temperature the cdDSorbsmce of each 

15 well was read at 405 nanometers. The results are shown 
in Table II. . 

TABLE II: Reactivity of 
Antibodies with Glutathione-Mercuric Ions by ELISA 



Antibodv 


BSA-GSH-HaCl 


BSA-GSH 




Isotvoe 








ICll 


0.458 


0.094 


IgM 


IFIO 


0.550 


0.092 


IgA 


2D5 


0.818 


0.090 


IgG, 


4A10 


0.636 


0.078 


IgM 


5B6 


0.738 


0.019 


IgGj 


5G4 


0.313 


0.028 


IgGi 


23F8 


1.134 


0.168 


IgM 



30 Only one positive subclone was obtained from 

hybridoma 3E8, and it subsequently lost its antibody- 
secreting ability. Several subclones secreting 
antibodies that were specific for mercuric ion were 
isolated from the IFlO and 4A10 mercuric ion-specific 

35 hybridomas. The results of the analysis of these 
subclones and those from 3F5 with BSA-glutathione-- 
mercu*.": c ioi-, and BSA- glut atlfiione are shown in Table TIT. 



WO95A20607 



PCTAJS95/01199 



32 

All of the frozen hybridoma samples have been thawed 
from liquid nitrogen and assayed for persistence of 
antibody secretion after thawing ^ 

5 

TABLE III: ELISA Results from Hybrxdoma 
Subclones Specific for Glutathione 
or Glutathione-Mercuric ions 

10 Hybridoma Glutathione Glutathione-mercuric ion 



1F10.A6 


0.289 


1.048 


1F10.A9 


0.300 


0,979 


IFlO.All 


0.285 


1.015 


IFIO.BI 


0.302 


0.861 


1F10.B2 


0.271 


0.952 


1P10.E2 


0.292 


1.005 


4A10.B4 


0.322 


1.279 


3F5.A8 


0.494 


0.773 


3F5.B11 


0.563 


0.865 


3F5.D5 


0.658 


0.884 


Negative'' 


0.332 


0.295 



•Values are the averages of the absorbance at 405 nra 
of triplicate samples for each hybridoma subclone in an 
25 ELISA. 

^The value shown is the average absorbance at 405 nra 
for six wells in an ELISA plate that received culture 
fluid containing a monoclonal hybridoma antibody 
30 specific for dinitrophenol instead of culture fluid 

containing a mercuric ion- specific monoclonal antibody 
in the first step of the assay. 

Based on this ELISA assay work, hybridomas IFIO and 
35 4A10 were further evaluated to determine if the 

antibodies secreted were specific for mercuric ions, 

2 . Determination of Mercuric- ion 

Specific Monoclonal Antibodies 

40 Various methods were used to confirm that the 

antibodies secreted by hybridomas 4AlO and iFlO were 

specific to mercuric ions. If the antibody being 

secreted^^( tHese hybridomas were specific, it shoi .c be 
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possible to inhibit binding of the antibody to 
glutathione -mercuric ions by incubation in the presence 
of various concentrations of mercuric chloride. This 
competitive inhibition assay was conducted with 
5 antibody- containing culture fluids from the parental 

hybridomas 4A10 and IFIO. The results for inhibition of 
IFIO by mercuric chloride and magnesium chloride are 
shown in Figure 1. 

•Figure 1 shows inhibition of binding of antibody 

10 secreted by hybridoma designated as iFlO to immobilized 
glutathione-mercuric ion by various concentrations of 
mercuric ions. Metal ions at the indicated 
concentrations were incubated with culture fluid from 
the monoclonal antibody in an enzyme- linked 

15 immunosorbent assay ("ELISA") plate. The absorbance at 
405 nm was determined for each sample, and the percent 
inhibition of each metal ion concentration was 
determined by the following formula: 

20 

A«o, of inhibitor - A40S of neg. control 

Percent inhibition* 

A«es of pos. control - A^os o£ neg. 

2 5 control 

Magnesium chloride at the same concentrations as 
mercuric chloride was included as a control to rule out 

3 0 the possibility that inhibition could be due to excess 

amoxints of divalent cations or increased ionic strength 
of the incubation solution. It csui be seen that 50V 
inhibition with mercuric chloride occurs between O.OCX)l 
and 0*00001 while magnesium chloride approaches 50% 

35 inhibition only at the highest concentration. 

Therefore, in both enzyme- linked immunosorbent 
assay (ELISA) and the competitive assay, the monoclonal 
antibodies were specific for mercuric ions. The 
preformation of a mercuric ion coordinate covalent 

40 complex is not a requirement for monoclonal antibody 
r-Sl^rilTTiition^f mercuric ion . Than the moncclonal 
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antibody reacts with free mercuric ions which are 
independent of coordinating agents - 

Various other metals were assayed for inhibition of 
binding of the monoclonal antibodies to mercuric ion. 
5 Tfee cat ionic metals assayed include the ions of zinc, 
copper, cadmium, nickel, and arsenic. The results of 
these inhibition assays are shown in Figure 2. To 
produce these results the binding of monoclonal antibody 
secreted by the hybridoma designated as IFIO to 

10 immobilized glutathione -mercuric ions by various 

concentrations of divalent cations was examined. Metal 
ions at the indicated concentrations were incubated with 
culture fluid from the antibody in an ELISA plate. The 
absorbance at 405 nm was determined for each sample, and 

15 the percent inhibition of each metal ion concentration 
was determined by the same formula used for Figure 1. 

However, none of the metals showed a titratable 
inhibition of monoclonal antibody binding similar to 
that seen with free mercuric ions. Therefore, based 

20 upon the heavy metal ions tested, the monoclonal 

antibodies produced by immunization with mercuric ions 
are specific for mercuric ions. 

Further analysis shows that the monoclonal 
antibodies produced are specific for the mercuric ions 

25 per se and that glutathione is not needed for the 
monoclonal antibodies to react with and bind to the 
mercuric ions. The monoclonal antibody from hybridoma 
iFlO was assayed against BSA- glutathione, 
BSA-glutathione mercuric ions, and BSA-mercuric ions. 

30 When compared against a negative control consisting of a 
monoclonal antibody specific for an unrelated antigen 
the results show that the monoclonal antibody binds to 
mercuric ion in the absence of glutathione. 

BSA-alutathione adsorbed to the wells of a 

35 microliter plate effectively binds mercuric ions from 
solution and enables detection of mercuric ions in a 

,v . cc^centratic2?.^^w as lO*' M (0.2 ppb) by the^tibody 
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(Table IV) without appreciable loss of sensitivity. 

TABLE IV: Assay Utilizing BSA-Glutathione 
5 Added to Polyvinyl . Chloride Microtiter Plates 





Ha Conr (Ml* 


A405 






0.442 




10-2 


1.213 


10 


10-' 


1.453 




10-* 


0.936 




10-5 


1.364 




10-* 


0.962 




10-' 


1.113 


15 


io-» 


1.113 




io-» 


1.107 




0 


0.394 



•Mercuric ion concentration refers to the 
20 concentration of mercuric chloride in the PBS added to 
the well to which BSA- glutathione had been -absorbed . 

**The absorbance at concentrations of 10*^ M is only 
slightly higher than the control because the large 
25 numbers of ions present creates a substantial amount of 
stearic hindrance which prevents binding and is not 
evidence of any lack of specificity of the monoclonal 
antibody. 

30 The ispecif icity of the antibody reactivity for 

mercuric ion is shown in Figure 3. Here the reactions 
of various coordinated heavy metal ions with the 
monoclonal antibody secreted by the hybridoma designated 
IFIO indicate that it is specific for mercuric ions. 

35 Phosphate-buffered saline ("PBS") containing metal 

ions at the indicated concentrations was added to 
triplicate microtiter wells to which BSA- glutathione had 
been absorbed. After incuQaation at room temperature for 
30 minutes, the plates were washed to remove unbound 

40 metals, and the plates were used for the standard ELISA 
to detect mercuric ions. In this experiment various 
heavy metal ions at the indicated concentrations were 
added to microtiter plates to which BSA-glutathione 1: a i 
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been adsorbed. The PBS containing the metal ions was 
allowed to incxibate at room temperature for 30 minutes ^ 
and the plates were , then used in an ELISA to determine 
whether the monoclonal antibody would react with the 
5 bound metal. The data in Figure 3 show that mercuric 
ion is the only heavy metal ion which demonstrates a 
reasonable increase in absorbance. 

-B. Particular Preparations 

1 . Linkage of Mercuric Ions to Protein Carriers 
To prepare antigen for injection and immunoassay, 

136 mg HgClj (400 umoles) , 61 mg glutathione (200 umoles) 
and 54 mg NaCl were dissolved in lO ml of water. Thirty 
milliliters of cold ethanol were added and incubated for 
30 minutes at O'C, The reaction mixture was centrifuged 
at lO^OOO g for 30 minutes, and the pellet was washed 
with 30 ml of cold ethanol. The pellet was dissolved in 
200 ml of 40% dimethyl formamide pH 4.8, containing 200 
mg of l-ethyl-3- (3-dimethylaminopropyl) -carbodiimide, 
and 1 g of either bovine serum albumin or keyhole limpet 
hemocyanin were added to the solution. The reaction 
mixture was stirred at room temperature overnight. The 
mixture was then centrifuged as above, resuspended in 
PBS, and dialyzed overnight at 4*C against 4 liters of 
PBS. 

2 . Immunization of BALB/c Mice 
BALB/c mice received multiple injections of the 

antigen prepared with 10 ug of protein per injection. 
30 The antigen was mercuric ion-glutathione-KLH emulsified 
in Freund's adjuvant. Complete adjuvant was used for 
the first two injections, while incomplete adjuvant was 
used for all subsequent injections. After the fourth 
injection, a drop of blood from the tail of each mouse 
35 was collected separately in 0.5 ml of PBS, and each 
sample was assayed by ELISA for the presence of 
.,.v antigen-ggp^ci§ic antibpd\ . Thf: ir:ic3 used for hybridoma 
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production received an intraperitoneal injection 
consisting of lO ug of antigen in PBS 3-4 days before 
cell fusion. 

5 3. HvbridoTna Production 

The spleen was removed aseptically from a mouse, 
and the cells were isolated by placing the spleen in 5 
ml of sterile PBS and teasing it with two sterile, 
18-gauge hypodermic needles. The cell suspension was 

10 added to an empty sterile, conical, iB-ml centrifuge 

tube and tissue fragments were allowed to settle for 1-2 
minutes. The cells still in suspension were placed in a 
tube similar to that above and centrifuged at 300 g for 
10 minutes at room temperature. The cells were then 

15 washed 3 times by centrifugation in serum- free DMEM 

(Dulbecco's modified Eagle's medium). Spleen cells were 
co-pelleted with P3X63-Ag8 . 653 myeloma cells at a ratio 
of 4 spleen cells to 1 myeloma cell. The supernatant 
fluid was removed, and the pellet was suspended in 1 ml 

20 of 35% polyethylene glycol for 1 minute. The 

polyethylene glycol was gradually diluted by addition of 
increasing amounts of serum- free DMEM over a period of 
15 minutes. The cells were then suspended in HAT medium 
( Monoclonal Antibodies , Kennett, McKean, Backitt, eds. 

25 Plenum press 1981) at a concentration of 2 X 10^ myeloma 
cells per ml, and 4 drops from a 5 -ml pipet were added 
to each well of 5 96 -well microtiter plates. The plates 
were incubated in 10% COj at 37 'C for one week. At that 
time half of the culture fluid was withdrawn from each 

30 well and replaced by 2 drops of fresh HT medium (HAT 
medium without aminopterin) , and the plates were 
incubated as above for another week. Then, 
approximately 100 ul of culture fluid was taken from 
each well containing macroscopically visible cell 

35 growth, and the ELISA technique described infra was used 
for identification of those culture fluids containing 
Tiors-.v-^ic: ion-specifir .antibodies. 
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4 . Enzyme -Linked. Immunosorbent Assay (ELISA) 
Polyvinyl chloride raicrotiter assay plates were 
. coated with antigen by addition of 50 ul of mercuric 
ion-glutathione-BSA or glutathione -BSA at a 
5 concentration of 5 ug/ml in PBS to each well of the 
plate. The plates were allowed to incubate at room 
temperature overnight to allow the antigen to dry on the 
plate. Next day the plates were blocked by addition of 
200 ul of -5% nonfat dry milk in PBS to each well; the 
10 addition of the dry milk blocked the remaining 

protein-binding sites. The plates were incubated for 2 
hours at room temperature, then washed 3 times with 
ELISA wash (PBS with 0.1% of nonidet P-40) . 

Fifty microliters of culture fluid being assayed 
15 for the presence of antigen-specific antibody were added 
to the appropriate well, and the plates were incubated 
at room temperature for 2 hours. The plates were again 
washed 3 times with ELISA wash, and 50 ul of goat 
anti-mouse serum (Cooper Biomedical) diluted lilOOO in 
20 2% BSA in PBS were added to each well. After inciibation 
and washing as above, 50 ul of rabbit anti-goat serum 
conjugated to alkaline phosphatase (Sigma) diluted 
1:1000 in 50 mM Tris-HCl, pH 8.0, containing 1 raM MgClj, 
5% BSA and 0.04% NaNj, were added to each well. After 
25 being incxibated and washed as above, 150 ul of 

phosphatase substrate (0.4 mM dinitrophenol phosphate in 
1 M diethanolamine, pH 9.8, containing 25 mM MgClj) were 
added to each well. 

The enzyme catalyzed conversion of dinitrophenol 
30 phosphate to dinitrophenol was allowed to proceed at 
room temperature for 30- 60 minutes. The absorbance of 
each well at 405 nm (dinitrophenol) was measured with a 
UV spectrometer. 

The use of ether enzymes as sensors is alsc 
35 possible provided that such enzymes can be linked to an 
appropriate antibody, and catalyze a reaction which 
.Tjrqduc^ a cplorv/r^^^. For example, beta . ^ 
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galactosidase, urease, or horseradish peroxidase could 
be utilized in this context. 

5. Inhibition of Binding of Mercuric 
5 _ ion-Specific ftntibody by Metals 

Microtiter assay plates containing mercuric 

ion-glutathione-BSA were prepared as described above. 

After blocking the plates with non-fat dry milk, 25 ul 

of a solution containing a known concentration of the 

10 metal to be assayed were added to each of triplicate 
wells of the plate, along with 25 ul of culture fluid 
containing mercury- specific antibody. The 
concentrations of metal ranged from 2 X 10"^ M to 2 X 10'* 
M, so the final concentration of metal in the wells 

15 ranged from 10"^ M to 10"* M. The plates were 

incubated for 30 minutes at room temperature, washed 
with ELISA wash as sd^ove, and then assayed using the 
ELISA technique as described above. The absorbance at 
405 nm was measured for each well, and the percent 

20 inhibition of antibody binding for each concentration of 
metal was calculated according to the following formula: 

iV4os of ixihibitor - A^os of neg. control 

Percent inhibitions 

A^os of po6, control - A^q, of neg. control 

25 The negative control measured the binding of a 

dinitrophenol specific antibody to the antigen mentioned 
above in the presence of the corresponding metal ions. 
The positive control consisted of triplicate wells that 
contained 25 ul of mercuric ion-specific antibody and 25 

30 ul of PBS with no metal . 

6 . Binding of Mercuric ions to 

Immobilized Coordinating Spacer Arms 

One hundred microliters of BSA-glutathione at a 
35 concentration of 5 ug/ml were added to the wells of a 
microtiter plate and allowed to dry overnight. The 
plates were then blocked with nonfat dry milk as above. 
One hundred microliters of PBS contciining a known 
concentration df the riisral ' ion^' to i:-: assayexl were added 
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to triplicate wells on the plate, which was then 
incubated at room temperature for 30 minutes. After 
this incubation period the plates were washed with ELISA. 
wash to remove unbound metal ions and then used in the. 
5 standard ELISA to measure reactivity with the mercuric 
ion-specific antibody. 

7. Assay of Mercuric Ion-Specific Antibodv 
Against BSA Glutathione. BSA 
10 Glutathione -Mercury and BSA-Mercurv 

Mercuric ion specific antibody secreted from 

hybridoma IFIO was assayed against BSA-glutathione , 

BSA-glutathione -mercury and BSA-raercuric ions. The 

results set forth below are the average absorbance plus 

15 the standard deviation of nine individual samples 

assayed against the three antigens. 

Antigen IFlO.All Nfig. QonWl 

BSA-glutathione 0.418 ± 0.014 0.419 + 0.061 

BSA-glutathione- 3.144 ± 0.132 0.171 + 0.042 

20 mercuric ion 

BSA-mercuric ion 2.861 + 0.092 0.223 ± 0.027 

Example 2 

Nueleotides Coding for Heavy Chain Fd 
25 Fragments and Light Chains from Mereorv 

Cation Monoclonal Antibodies 

Synthesis of Nucleotides Encoding the Heavy and Light 
Chain Variable Regions of the Mercurv-Cation Antibodies 

30 RNA was isolated from hybridoma cells with 

guanidine isothiocyanate (Evans et al., BioTechnioues . 
8, 357 (1990)), and enriched for poly (A) + RNA by 
passage over a poly (dT) -cellulose column (Aviv et al . , 
Proc. Natl- Acad, Sci. USA . 69, 1408 (1972)). First- 

35 strand cDNA synthesis was catalyzed by MuLv reverse 

transcriptase with a Promega RiboClone kit, according to 
the manufacturer's directions. The primers used for 
cDNA synthesis were complementary to the 5' end of the 
ChI domain of the heavy chain expressed by the hybridoma 

40 of :..int«irest. , ^^->>the 5' end of the Ck domain. The 
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primers used for cDNA synthesis are shown in Tables V 
and VI. The chain primer contained an Xbal site at 
its 5' end, while all the heavy chain primers contained 
an Spel site at their 5' ends. The jc -chain primer 
5 encoded residues 107-111 of the constant region domain; 
the ;i-chain primer encoded residues 116-120 of the ChI 
domain; the ^^-chain primer encoded residues 122-126 of 
the ChI domain; and the 73-primer encoded residues 117- 
121 of the C„l domain. 

10 

Am plification of Antibody Variable R egions bv Polymerase 
phain Reaction 

The primer used for cDNA synthesis of the variable 
region of a particular antibody polypeptide chain was 

15 also used for PGR amplification of that variable region, 
in conj line t ion with an appropriate V- region primer as 
described in Huse et al.. Science . 246 . 1275 (1989) . In 
addition, the V„ primer 5' -AGGTCCAACTGCTCGAGTCTGG-3 ' was 
used to amplify the mAb 2D5 and 5B6 heavy chains. The 

20 PGR was performed as described in Sastry et al, Proc,. 
Natl. Acad. Sci, USA . 86. 5728 (1989) . 
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Antibody 
2D5 [yl.K) 

10 4A10 [fi.K) 

IFIO (a.K) 

5G4 (y3,«) 

15 

5B6 (y3,«) 
ICll (^,it) 
20 23F8 (h.k) 



TABLE V 

Primers Used for cDNA Synthesis 
and/or PGR Amplification 



Light chain 
Reverse Forward 
33615 SS119 



33615 
33615 
33615 
33615 
33615 
33615 



SS92 

SS119 

SS119 

SS119 

SS119 

SS119 



Heavy chain 
Reverse Forward 
438 SS131 



65656 

438 
2034 
65656 
65656 



SS131 

SS131 
VhA 
SS131 
SS131 
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TABLE VI 

Sequences of Primers Used for cDNA Synthesis 
. . ' and/or PCR Amplification ! . 

.5 • .• •. • ■ . • 

Primer Primer Sequence 

J-'- GCC ACT GAT CAA GGG TEA GAC C3^G ATG GGG CTG T -J' 
10 (SEQ ID MO:27) 

438 S'~ GGC AGC ACT AGT AGG GGC CAG CAG TSG AZA -3' 
15 (SEQ ID NO:28) 



20 



25 



30 



35 



40 



45 



SS92 5- CCAGTTCCGA GCrCGATGTT TTGATGACCC: AAACTCCAC -3' 
(SEQ ID NO:29) 

33615 gaagatctag acttactacg cagcaccagc -3' 

(SEQ ID KO:30) 

SS119 J... CCAGTTCCGA GCTCGACATC CAGATGACCC AGTCTCCAT -3* 
(SEQ ID N0:31) 

SS131 J-'- AGGTCCAGCT GCTCGAGGTC CAGCTGCAGC AGT -2' 
(SEQ ID NO: 32) 

65656 jL AGGAGACTAG TGGTTACTAA TTTGGGAAGG ACTG -3' 
(SEQ ID NO:33) 

Vha 5- aggtccagcr gctcgagccr gg -3' 
(SEQ ID NO: 34) 



i 
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■Qar niAnge DeterTtii nation of Nucle otides Encodincr the Heavy 
nrnH T.-i qht- Chain Variable Regions of the Mercury Cation 
Antibodies 

5 The PGR amplified nucleotide sequences encoding the 

heavy -and light chain variable regions of the mercury 
cation antibodies were cloned into Bluescript 
(Stratagene, La Jolla, CA) . The sequences of these 
nucleotides were determined by the dideoxy chain 
10 termination method (Sanger et al., Prpg. Natl> Acad. 

Sci, USA . 74, 5463 (1977)). The sequences of at least 
three PGR products for each heavy and light chain were 
determined to allow detection of incorporation errors by 
Taq polymerase. The nucleotide and deduced amino acid 
15 sequences of the heavy and light chain variable regions 
of the mercury- specific antibodies are shown in Figures 
4A-C and 5A-B. 

Figures 4A-C depict the nucleotide and deduced 
amino acid sequences for the heavy chain variable 
20 regions of a number of monoclonal antibodies that 
immunoreact with a mercury cation. The following 
sequences are shown: 

the heavy chain variable region nucleotide 
acid sequence (SEQ ID NO:l) and deduced amino acid 
25 sequence (SEQ ID NO: 14) for monoclonal antibody 

4A10; 

the heavy chain variable region nucleotide 
sequence (SEQ ID NO: 2) and deduced amino acid 
sequence (SEQ ID NO: 15) for monoclonal antibody 
30 IGll; 

the heavy chain variable region nucleotide 
sequence (SEQ ID NO: 3) and deduced amino acid 
sequence (SEQ ID NO: 16) for monoclonal antibody 
5G4; 

35 the heaw chain variable region nucleotide 

sequence (SEQ ID NO: 4) and deduced amino acid 
sequence (SEQ ID NO: 17) for monoclonal antibody 

... .. .^23F3r .... 
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the heavy chain variable region nucleotide 
sequence (SEQ ID NO: 5) and deduced amino acid 
sequence (SEQ ID N0:18) for monoclonal antibody 
2D5; and 

5 - ^ the heavy chain variable region nucleotide 

sequence (SEQ ID NO: 6) and deduced amino acid 
sequence (SEQ ID NO: 19) for monoclonal antibody 
BBS. 

Figures 5A-B depict the nucleotide and deduced 
10 amino acid sequences for the light chain variable 
regions of a number of monoclonal antibodies which 
immunoreact with a mercury cation. The following 
sequences are shown: 

the light chain variable region nucleotide 
15 sequence (SEQ ID NO: 7) and deduced amino acid 

sequence (SEQ ID NO: 20) for monoclonal antibody 
IFIO; 

the light chain variable region nucleotide 
sequence (SEQ ID NO: 8) and deduced amino acid 
20 sequence (SEQ ID NO: 21) for monoclonal antibody 

4A10; 

the light chain variable region nucleotide 
sequence (SEQ ID NO: 9) and deduced amino acid 
sequence (SEQ ID NO: 22) for monoclonal antibody 
25 ICll; 

the light chain variable region nucleotide 
sequence (SEQ ID NO: 10) and deduced amino acid 
sequence (SEQ ID NO: 23) for monoclonal antibody 
5G4; 

30 the light chain variable region nucleotide 

sequence (SEQ ID NO: 11) and deduced amino acid 
sequence (SEQ ID NO: 24) for monoclonal antibody 
23F8; 

the light chain variable region nucleotide 
35 sequence (SEQ ID NO: 12) and deduced amino acid 

sequence (SEQ ID NO: 25) for monoclonal antibody 

. ?'5'^"^'*"' V and 
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the light chain variable region nucleotide 
sequence (SEQ ID NO: 13) and deduced amino acid 
sequence . (SEQ ID NO: 26) for monoclonal antibody. 
5B6 . 
5 — 

Example 3 
Expression of Heavy Chain Fd 
Fragments and Light Chains from Merciirv 
Cation Monoclonal Antibodies 

10 Vector Construction 

The pelB leader sequences and cloning sites for the 
heavy-chain fragment and light chain may be derived from, 
phagemids excised from X Hc2 and X Lc2 X vectors as 
described in Huse, et al,, Science . 246 . 1275-1281 

15 (1989) . The sequences are modified to remove a 

redundant Sac I site from Hc2 phagemid and a Spe I site 
from the Lc2 phagemid. The combinatorial phagemid 
vector pComb is constructed from these two modified 
phagemids by restricting each with Sea I and EcoRI and 

20 combining them in a ligation reaction • Recombinants are 
screened for the presence of two Not I sites yielding 
the combinatorial vector pComb. The tether sequence 
GGGGS and glll fragment (gene coding for coat protein 
III of filamentous phage M13 (see Barbas, et al., Proc. 

25 Natl. Acad- Sci . USA . 88 . 7978 (1991) ) from Spe I to Nhe 
I are the product of PCR of M13mpl8 (Yanisch-Perron, et 
al.. Gene . 33, 103-119 (1985)) using the 
ol igonuc leo t ide s 

5 ' - GAGACGACTAGTGGTGGCGGTGGCTCTCCATTCGTTTGTGAATATCAA- 3 ' 
3 0 and 5 ' - TTACTAGCTAGCATAATAACGGAATACCCAAAAGAACTGG - 3 ' as 
reported in Barbas, et al./ Proc. Natl. Acad. Sci , USA. 
88. 7978 (1991) . 

The lacZ promoter, operator, and Cap-binding site 
controlling light chain expression are the product of 
35 PCR with M13mpl8 using oligonucleotides 

5 ' - TATGCTAGCTAGTAACACGACAGGTTTCCCGACTGG - 3 ' and 
5' -AGCTTTGAATTCG':*GAAATTGTTATCCGCT-3' as reported in 
Barbas et al . . . Jja. The PCR fragments encoding the 
gin^fragmeni 1: ^/1^': promoter are spliced 'by PC?^ 
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overlap extension (see Horton et al . , Gene . 77 . 61-68 
(1989) ) . The resulting product is digested with Spe I 
and EcoRl and ligated into the corresponding sites of 
pComb to yield pComb 3'. Finally, pComb 3' is digested 
5 with Xho I and Spe I and ligated with the corresponding 
51-base-pair (bp) stuff er from pBluescript (see Short, 
et al.. Nucleic Acids Res . . 16 . pp. 7583-7600 (1988)) 
(Stratagene) to yield pCoinb 3, an ampicillin-r resistant 
phagemid. 

10 Expression of Nucleotides on M13 Phage Coat 

Phage Production . A pComb 3 phagemid including a 
recombinant ly produced Fab fragment that immunoreacts 
with a mercury cation may be transformed into 
Escherichia coli XLl-Blue cells. The transformed E. 

15 coli XLl-Blue cells may be grown in super broth medium 
(SB; 30 g of tryptone, 20 g of yeast extract, 10 g of 
Mops per liter, pH 7) at 37®C supplemented with 
tetracycline at 10 ng/m± and carbenicillin at 50 fig/ml 
or chloramphenicol at 30 /zg/ml. Cultures are grown to 

20 an ODjoo of 0,4 and infected with VCSM13 helper phage 
(phage to cell ratio, 20:1) and grown an additional 
hour. After l hr }canaraycin is added (70 ;ig/ml) , and the 
culture is incubated overnight at 30®C. Phage are 
isolated from liquid culture by polyethylene glycol 8000 

25 and NaCl precipitation as described in Cwirla, et al., 
Proc. Natl. Acad. Sci, USA . 87, pp. 6378-6382 (1990). 
Phage pellets may be resuspended in phosphate-buf f ered 
saline (50 mM phosphate, pH 7.2/150 mM NaCl) and stored 
at -20° C. 

30 Single-Pass Enrichment Experiments . Phage 

expressing mercuric cation binding Fcib fragments on 
their surface may be enriched by a modification of the 
panning procedure described by Parmley, et al . , Gene . 
73 . pp. 305-318 (1988) . A single well of a microticer 

35 plate (Costar 3690) is coated overnight at 4^C with 25 
fj.l of- BSA-glutathione-mercuric ion at 2 mg/ml in 0.1 M 
bicarbonate, pH 8.5.' The we^ll is washed once with water 
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and blocked by- filling the well with Blotto (5% (wt/vol) 
nonfat dry milk in phosphate-buf fared saline) and 
incubating the plate at 37«C fori hr. Blocking 
solution is shaken out, and 50 /xl of clonally mixed 
5 phage (typically 10" colony- forming units (cfu) ) is 
added, and the plate was incubated for an additional 2 
hr at 37**C, Phage are removed, and the well is washed 
once with distilled water. The well is washed 10 times 
with TBS/Tween solution (50mM Tris-HCl, pH 7.5/150 mM 

10 NaCl/0.05% Tween 20) over a period of 1 hr at room 
temperature. The well is washed once more with 
distilled water, and adherent phage are eluted by adding 
50 /il of elution buffer (0.1 M HCl, adjusted to pH 2.2 
with glycine, containing bovine serum albumin) at 1 

15 mg/ml and inctibation at room temperature for 10 min. 
The eluate is removed and neutralized with 3 /xl of 2 M 
Tris base. The initial phage input ratio may be 
determined by titering on selected plates. The final 
phage output ratio may be determined by infecting 1 ml 

20 of logarithmic phase XLl-Blue cells with the neutralized 
eluate for 15 min at room temperature and plating equal 
aliquots on selective carbenicillin and chloramphenicol 
plates . 

25 

Site Directed Mutagenesis of 4A10 and 
ExpreBBion on Phage Coat 

Cloning of 4A10 Fab in pCombS Vector 

30 RNA from hybridoma 4A10 was amplified by PCR as 

described above with primers that made it possible to 

amplify the Fd fragment of the heavy chain and the 

entire kappa chain. 

35 Site Directed Mucagenesis of 4A10 Heaw Chair. 

Site-directed mutagenesis was carried out via the 
megaprimer method (see Sarkar et al . , Biotechniaues . 8, 
404-407 (1990) iJ8j»i4?ing a p^rimer which repla::ed the 
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cysteine at position 93 of the heavy chain with a 
tyrosine or a serine. The mutagenized fragment was 
electrophoresed, extracted from the agarose gel, and 
used for amplification of the remainder of the Fd 
5 fragment . 

This 4A10H cys-->tyr (ser) Fd product was cloned in 
a pComb3 vector which already contained the nucleotide 
coding for a light chain, e.g., the light chain of 4A10 
or the light chain from an antibody, 1C3, which did not 
10 immunoreact with a mercury cation (an "irrelevant 

antibody") . The nucleotide sequence of the mutagenized 
fragment was determined to confirm the mutation. 

Expression of 4A10 Antibodv on a Phage Coat 
15 E. coli XL-1 Blue was transformed with pComb3 

vectors containing the following combinations of 
antibody genes: p3A3A (heavy and light chains from 
4A10), p3A3C (heavy chain from 4A10 and light chain the 
irrelevant antibody, 1C3), p3C3C (heavy and light chains 
20 from 1C3) and pSAcye^.^tyr^A (mutagenized heavy chain and 
unmodified light chain from 4A10) . Bacteria were 
infected with kanamycin- resistant bacteriophage M13 as 
described ahove to produce Phabs displaying one of the 
cdDove Fah fragments as part of their coat, 

25 

Mercuric lon-ELISA for Phabs 

Equal plaque forming units from Phabs obtained from 
these transformed E. coli XLl-Blue cell cultures were 
incubated at 37*^0 for two hours on BSA- Glutathione ELISA 

30 plates with or without mercuric nitrate. A rabbit anti- 
M13 antiserum was used' as a second antibody followed by 
affinity-purified goat-antirabbit serum conjugated with 
peroxidase . 2,2' -Azino-Di- [3-ethylbenzthiazoline 
sulfonate] (ABTS) was used as peroxidase substrate. Th^^ 

35 results, expressed as absorbance at 405 nanometers, are 
shown in Table VII below. 
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Table VII 
Reactivity of Phabs with 
Glutathione -Mercuric Ions bv ELISA 

5 Phab Hg-GSH-BSA 6SH-BSA 

p3A3A. 0,917 0.244 

p3A3C 1.916 0.383 

p3C3C 0.678 0.353 

P3Acts->tyr3A Clone 1 0.150 0.232 

10 p3Aeys.-,™3A Clone 2 0.243 0.207 

The mutation, which introduced a tyrosine in place 
of cysteine- 93 in the cloned Fd heavy chain of the 
antibody 4A10, produced a decrease in the signal to the 

15 same level as background. This result supports the idea 
cysteine is required for binding to mercury. However, 
other irrelevaint monoclonal antibodies with a cysteine 
group in the hypervarible region tested negative for 
reactivity against mercury in ELISA. Hence, it seems 

20 that the presence of cysteine is a necessary but not 
sufficient requisite for binding mercury. 

Interestingly, shuffling of the heavy chain of 4A10 
with the light chain of the unrelated antibody 1C3 
resulted in a better signal in the mercury ion ELISA. 

25 This could be due to stabilization of the heavy chain of 
4A10 into a conformation more favorable for mercury 
binding or to an improvement in the affinity for mercury 
due to greater coordination between the metal and the 
oxygens in the multiple aspartate residues present in 

30 the 1C3 light chain. 

All publications and patent applications in this 
specification are indicative of the level of ordinary 
skill in the art to which this invention pertains. All 
publications and patent applications are herein 

35 incorporated by reference to the same extent as if each 
individual publication or patent application was 
specifically and individually indicated by reference. 

>v ■> =a The invenrii^^^^^as been described with^ref er^ce . to 
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various specific and preferred embodiments and 
techniques. However, it should be understood that many 
variations and modifications may be made while remaining 
within the spixit and scope of the invention. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: BioNebraska, Inc. 

3820 Northwest 46th Street 
Lincoln, Nebraska 68524 
United States of America 

(ii) TTTT-P- OF INVENTION: Mercury Binding Polypeptides and 

Nucleotides Coding Therefor 

(iii) NUMBER OF SEQUENCES: 39 

Civ) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Merchant & Gould 

(B) STREET: 90 South 7th Street, 3100 Norwest Ctr. 

(C) CITY: Minneapolis 

(D) STATE: MN 

(E) COUNTRY: USA 

(F) ZIP: 55402 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: PatentIn Release #1.0, 

Version »1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/187,407 

(B) FILING DATE; 27-JAN-1994 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/990,542 
tB) FILING DATE: 14 -DEC- 1992 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/493,299 

(B) FILING DATE: 14-MAR-1990 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/324,392 

(B) FILING DATE: 14-MAR-1989 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 348 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLBCbLE TYPE: DMA (genomic) 

(vi) ORIGINAL SOURCE: ^ 

(B) STRAIN: Heavy chain variable region for 
monoclonal antibody 4A10 

(ix) FEATURE: • 

(A) NAME/KEY: CDS 

(B) LOCATION: 1. .348 



(xi) SEQUENCE DESCRIPTION: SEQ. ID NO: 1: 

GAG GTT CAG CTG CAG CA6 TCT GGA CCT GAG CTG GTG AAG CCT GGG GCT 48 
Olu Val Gin Leu Gin Gin Ser Gly Pro Glu Leu Val Lys Pro Gly Ala 
1 5 10 15 

TTA GTG AAG ATA TCC TGC AAG GCT TCT GGT TAG ACC TTC ACA AGC TAC 96 
Leu Val Lys He Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr 

20 25 30 

GAT ATA AAC TCG GTG AAG CAG AGG CCT GGA CAG GGA CTT GAG TGG ATT 144 
Asp He Asn Trp Val Lys Gin Arg Pro Gly Gin Gly Leu Glu Trp He 
35 40 45 

GGA TGG ATT TAT CCT GGA GAT GGT AGT ACT AAG TAC AAT GAG AAA TTC 192 
Gly Trp He Tyr Pro Gly Asp Gly Ser Thr Lys Tyr Asn Glu Lys Phe 
50 55 60 

AAG GGC AAG GCC ACA CTG ACT GCA GAC AAA TCC TCC AGC ACA GCC TAC 240 
Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser Thr Ala Tyr 
65 70 75 80 
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ATG CA6 
Net Gin 



CTC AGC AGC 
Leu Ser Ser 
85 



CTG ACT TCT GAG AAC TCT GCA GTC TAT TTC TGT 
Leu Thr Ser Glu Asn Ser Ala Val Tyr Phe Cys 
90 95 



288 



GCA AGA 
Ala Arg 



TGC. GGC TAT 
Cys Gly Tyr 
100 



GCT ATG GAC TAC TGG GGT CAA. GGA ACC TCA GTC 
Ala Met Asp Tyr Trp Gly Gin Gly Thr Ser Val 
105 110 



336 



ACC GTC TCC TCA 
Thr Val Ser Ser 
115 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 116 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Glu Val Gin Leu Gin Oln Ser Gly Pro Glu Leu Val Lys Pro Gly Ala 
15 10 

Leu val Lys He Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr 
20 25 30 

Asp He Asn Trp Val Lys Gin Arg Pro Gly Gin Gly Leu Glu Trp He 
35 40 45 

Gly Trp He Tyr Pro Gly Asp Gly Ser Thr Lys Tyr Asn Glu Lys Phe 
50 55 ^0 

Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser Thr Ala Tyr 
65 70 75 80 

Met Gin Leu Ser Ser Leu Thr Ser Glu Asn Ser Ala Val Tyr Phe Cys 
85 90 

Ala Arg Cys Gly Tyr Ala Met Asp Tyr Trp Gly Gin Gly Thr Ser Val 
100 105 HO 

Thr Val Ser Ser 



(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 354 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



115 




Heavy chain variabla*^ 
monoclonal antibody ICll 
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(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..354 

(Xi) SEQUENCE DESCRIPTION: SEQ IDN0:3: 

TCT GGG GCT GAG CTT GTG AAG CCT GGG GCT TCA GTG AAA CTG TCC TGC 4B 
Ser Gly Ala Glu Leu Val Lys Pro Gly Ala Ser Val Lys Leu Ser Cys 
15 10 15 . 

AAG ACT TCT GGC TAC ACC GTC ACC AGC TAC TGG ATG GGC TGG GTG AAG 96 
Lys Thr Ser Gly Tyr Thr Val Thr Ser Tyr Trp Met Gly Trp Val Lys 
20 . 25 30 

CAO AGG CCT GGA CAA GGC CTT GAG TGG ATT GGA AAT ATT TAT CCT GAT 144 
Gin Arg Pro Gly Gin Gly Leu Glu Trp He Gly Asn He Tyr Pro Asp 
35 40 45 

AGT GGT ACT ACT AAC TAC AAT GAG AAG TTC AAG AAC AAG GCC ACA CTG 192 
Ser Gly Thr Thr Asn Tyr Ash Glu Lys Phe Lys Asn Lys Ala Thr Leu 
50 55 60 

ACT GTA GAC ACA TTC TCC AGC ACA GTC TAC ATG GAG CTC AGC AGC CTG 240 
Thr Val Asp Thr Phe Ser Ser Thr Val Tyr Met Gin Leu Ser Ser Leu 
65 70 75 80 

ACA TCT GAG GAC TCT GCG GTC TAT TAT TGT GCA AGA GGG GTG TAT AGT 288 
Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ala Arg Gly Val Tyr Ser 
85 90 95 

TAT TAC AGT TAC GAC GTC TAT GCT ATG GAC TAC TGG GGT CAA GGA ACA 336 
Tyr Tyr Ser Tyr Asp Val Tyr Ala Met Asp Tyr Trp Gly Gin Gly Thr 
100 105 110 

TCA GTC ACC GTC TCC TCA ^54 
Ser Val Thr Val Ser Ser 
115 



(2) INFORMATION FOR SEQ ID NO:4: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 118 amino acids 

(B) TYPE : amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Ser Gly Ala Glu Leu Val Lys Pro Gly Ala Ser Val Lys Leu Ser Cys 
15 10 15 

Lys Thr Ser Gly Tyr Thr Val Thr Ser Tyr Trp Met Gly Trp Val Lys 
20 25 30 

Gin Arg Pro Gly Gin Gly Leu Glu Trp He Gly Asn He Tyr Pro Asp 
35 40 45 

Ser Gly Thr Thr Asn Tyr Asn Glu Lys Phe Lys Asn Lys Ala Thr Leu 
50 55 60 

Thr Val ASD Thr Phe Ser Ser Thr Val Tyr Met Gin leu Ssr Ser Leu 

65 ■ 70 . ' ^ '75 - 80 
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Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ala Arg Gly Val T\'r Ser 
85 90 95 

Tvr TVr Ser Tyr Asp Val Tyr Ala Met Asp Tyr Trp Gly Gin Gly Thr 
100 105 110 

Ser Val Thr Val Ser Ser 
115 _ 



(2) INFORMATION FOR SEQ ID NO: 5: 

( i ) SEQUENCE . CHARACTERISTICS : 

(A) LENGTH: 324 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(B) STRAIN: Heavy chain variable region for 
monoclonal antiibody 5G4 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..324 



(Xi) SEQOENCB DESCRIPTION: SEQ ID NO: 5: 

TCT GTA CCG GCG CGN TTG AAG CCT GGG GCT TCA GTG AGG ATA TCC TGC 48 
Ser Val Pro Ala Arg Leu Lys Pro Gly Ala Ser Val Arg lie Ser Cys 
1 5 10 15 

AAG GCT TCT GCT TAC TCA TTT ACT GGC TAC TTT ATG AAC TGG ATG AAG 96 
Lvs Ala Ser Ala Tyr Ser Phe Thr Gly Tyr Phe Met Asn Trp Met Lys 
20 25 30 

CAG AOC CAT GGA AAG ACC CTT GAG TGG ATT GGA CGT ATT AAT CCT TAC 144 
Gin Ser His Gly Lys Thr Leu Glu Trp He Gly Arg He Asn Pro Tyr 
35 40 45 

AAT GGT GAT ACT TTC TAT AAC CAG AAG TTC AAG AGC AAG GCC ACA GTA 192 
Asn Gly Asp Thr Phe Tyr Asn Gin Lys Phe Lys Ser Lys Ala Thr Val 
50 55 60 

ACT GTA GAC AAA TCC TCT AGC ACA GCC CAC ATG GAG CTC CTG AGC CTG 240 
Thr Val Asp Lys Ser Ser Ser Thr Ala His Met Glu Leu Leu Ser Leu 
65 70 75 80 

ACA TCT GAG GAC TCT GCA GTC TAT TAT TGT GGA ACC CAG CCC CTT GAC 288 
Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Gly Thr Gin Pro Leu Asp 
85 50 95 

TAC TGG GGC CAA GGC ACC ACT CTC ACA GTC TCC TCA 324 
Tyr Trp Gly Gin Gly Thr Thr Leu Thr Val Ser Ser 
100 105 
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(2) INF0RM;ITI0N for SEQ id N0:6: 

(i) SKQUEtrCE CHARACTERISTICS: 

(A) LENGTH: 108 amino acids 

(B) TYPE: amino acid . 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(Xi) SEQOerCE DESCRIPTION: SEQ ID NO: 6: 

Ser Val Pro Ala Arg Leu Lys Pro Gly Ala Ser Val Arg He Ser Cys 
15 10 15 

Lys Ala Ser Ala Tyr Ser Phe Thr Gly Tyr Phe Met Asn Trp Met Lys 
20 25 30 

Gin Ser His Gly Lys Thr Leu Glu Trp He Gly Arg He Asn Pro Tyr 
35 40 45 

Asn Gly Asp Thr Phe Tyr Asn Gin Lys Phe Lys Ser Lys Ala Thr Val 
50 55 60 

Thr Val Asp Lys Ser Ser Ser Thr Ala His Met Glu Leu Leu Ser Leu 
65 70 75 80 

Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Gly Thr Gin Pro Leu Asp 
85 90 95 

Tyr Trp Gly Gin Gly Thr Thr I^u Thr Val Ser Ser 
100 105 



(2) INFORMATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 344 base pairs 

(B) TYPE: nucleic acid 

(C) STRAMDBZ^SS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(B) STRAIN: Heavy chain variable region for 
monoclonal antibody 23F8 

(ix) FEATURE: 

(A) NAME/ICEY: CDS 

(B) LOCATION: 1. .344 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 



TCT GGA 


COT GAG 


CTA 


GTG 


AAG 


ACT 


GGG GCT 


TCA 


GTG 


AAG 


ATA TCC TGC 


48 


Ser Gly 


Pro Glu 


Leu 


val 


Lys 


Thr 


Gly Ala 


Ser 


Val 


Lys 


He Ser Cys 




1 




5 








10 








15 




AAG GOT 


TCT GGT 


TAG 


TCA 


TTC 


ACT 


GGT TAG 


TAC 


ATG 


CAC 


TGG GTC AAG 


9€ 


Lys Ala 


Ser Gly 


Tyr 


Ser 


Phe 


Thr 


Gly Tyr 


Tyr 


Met 


His 


Trp Val Lys 




20 








25 








30 




CAG AGC 


CAT GGA 


AAG 


AGC 


CTT 


GAG 


TOG ATT 


GGA 


TAT 


ATT 


AGT TGT TAC 


144 


Gin Ser 


His Gly 


Lys 


Ser 


Leu 


Glu 


Trp He 


Gly 


Tyr 


He 


Ser Cys Tyr 






35 






40 








45 







.. AAT GGT GCTv ''AC , 1 AGC TAC AAC CAG AAG TTC AAG GGC AAG GCC AC A TTT 137 
Asn Gly Ala Thr Ser Tyr Asn Gin Lys Phe Lys Gly Lys Ala Thr Piie 
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50 55 60 

ACT GTA GAC ACA TCC TCC AGC ACA GCC TAC ATG CAG TTC AAC AGC CTG 240 
Thr Val Asp Thr Ser Ser Ser Thr Ala Tyr Met Gin Phe Asn Ser Leu 
65 70 75 80 

ACA TCT GAA GAC TCT GCN GTC TAT TAC TGT GCA AGA TCC GGG ATC TAT 288 
Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ala Arg Ser 61y lie Tyr 
' - 85 90 95 

GAT GTT ACT ACT ACT TTG ACT ACT GGG GCC AAG GCA CCA CTC TCA CAG 336 
Asp Val Thr Thr Thr Leu Thr Thr Gly Ala Lys Ala Pro Leu Ser Gin 
100 105 110 

TCT CCT CA 344 
Ser Pro 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 114 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Ser Gly Pro Glu Leu Val Lys Thr Gly Ala Ser Val Lys lie Ser Cys 
1 5 10 . 15 

Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr Tyr Met His Trp Val Lys 

20 25 30 

Gin Ser His Gly Lys Ser Leu Glu Trp lie Gly Tyr lie Ser Cys Tyr 
35 40 45 

Asn Gly Ala Thr Ser Tyr Asn Gin Lys Phe Lys Gly Lys Ala Thr Phe 
50 55 60 

Thr Val Asp Thr Ser Ser Ser Thr Ala Tyr Met Gin Phe Asn Ser Leu 
65 70 75 80 

Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ala Arg Ser Gly lie Tyr 

85 90 95 

Asp Val Thr Thr Thr Leu Thr Thr Gly Ala Lys Ala Pro XiCU Ser Gin 
100 105 110 

Ser Pro 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 348 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
TOPOLOGY: line| 



■4"' 



(ii) MOLECULE TYPE: £^'A Cgenorai.c; 



i 
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(vi) ORIGINAL SOURCE: 

CB) STRAIN: Heavy chain variable region for 
monoclonal antibody 2D5 

(ix) FEATURE: 

(A) NAME/KEY: CDS. 

(B) LOCATION: 1. .348 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

TCT GGA GGA GGC TCA GTG AAG CCT GGA GGG TCC CTG AAA CTC TCC TGT 48 
Ser Oly Gly Gly Ser Val Lys Pro Gly Gly Ser Leu Lys Leu Ser Cys 
1 5 10 15 

GCA GCC TCT GGA TTC ACT TTC AGT AGO TGT GCC ATG TCT TGG GTT CGC 96 
Ala Ala Ser Gly Phe Thr Phe Ser Ser Cys Ala Met Ser Trp Val Arg 
20 25 30 

CAG ACT CCG GAG AAG AGG CTG GAG TGG GTC GCA ACC ATT AGC AGT GGT 144 
Gin Thr Pro Glu Lys Arg Leu Glu Trp Val Ala Thr lie Ser Ser Gly 
35 40 45 

GGT AGT TAG ACC TAC TAT CCA GAC AGT GTG AAG GGT CGA TTC ACC ATC 192 
Gly Ser Tyr Thr Tyr Tyr Pro Asp Ser Val Lys Gly Arg Phe Thr He 
SO 55 60 

TTC AGA CAC AAT GCC GAA AAC ACC CTG TAC CTT CAA ATG AGC AGT CTG 240 
Phe Ara His Asn Ala Glu Asn Thr Leu Tyr Leu Gin Met Ser Ser Leu 
65 70 75 80 

AGG TCT GAG GAC ACG GCC ATA TAT TAT TGT GTT AGA CAG GAC GGC TAC 288 
Arq Ser Glu Asp Thr Ala He Tyr Tyr Cys Val Arg Gin Asp Gly Tyr 
85 90 95 

TAT GGC AAC TAC GTA TGG TTT GCT TAC TGG GGC CAA GGG ACT CTG GTC 336 
Tyr Gly Asn Tyr Val Trp Phe Ala Tyr Trp Gly Gin Gly Thr Leu Val 
100 105 110 

ACT GTC TCT GCA 
Thr Val Ser Ala 
115 

(2) INFORMATION FOR SEQ ID NO:10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 116 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Ser Gly Gly Gly Ser Val Lys Pro Gly Gly Ser Leu Lys Leu Ser Cys 
1 5 10 15 

Ala Ala Ser Gly Phe Thr Phe Ser Ser Cys Ala Met Ser Trp Val Arg 
20 25 30 

Gin Thr Pro Glu Lvs Arg Leu Glu Trp Val Ala Thr lie Ser Ser Gly 
35 * 40 45 

Gly Ser Tvr Thr Tyr Tyr Pro Asp Ser Val Lys Gly Arg Phe Thr He 
50 55 60 

• - • V. ' - > • ^ ^s: 

Phe /rq Eic Az-- V z z: u Afsn Thr Leu Tyr Leu Gin Met Ser Ser Leu 
65 70 75 80 
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Arg Ser Glu Asp Thr Ala lie Tyr Tyr Cys Val Arg Gin Asp Gly Tyr 

85 90 95 

Tyr Gly Asn Tyr Val Trp Phe Ala Tyr Trp Gly Gin Gly Thr Leu Val 
100 105 110 

Thr Val Ser Ala . 
115 



(2) INFORMATION TOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 348 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) T0P0IXX3Y: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(B) STRAIN: Heavy chain variable region for 
monoclonal antibody 5B6 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..348 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

TCT GGA GGA GGC TCA GTG AAG CCT GGA GGG TCC CTG AAG CTC TCC TGT 48 
Ser Gly Gly Gly Ser Val Lys Pro Gly Gly Ser Leu Lys Leu Ser Cys 
1 5 10 15 

GCA GCC TCT GGA TTC ACT TTC A6T AGC CGT GCC ATG TCT TGG GTT CGC 96 
Ala Ala Ser Gly Phe Thr Phe Ser Ser Arg Ala Met Ser Trp Val Arg 
20 25 30 

CAG ACT CCG GAG AAG AGG CTG GAG TGG GTC GCA ACC ATT AGC AGT GGT 144 
Gin Thr Pro Glu Lys Arg Leu Glu Trp Val Ala Thr lie Ser Ser Gly 
35 40 45 

GGT AGT TAC ACC TAC TAT CCA GAG AGT GTG AAG GGT CGA TTC ACC ATC 192 
Gly Ser Tyr Thr Tyr Tyr Pro Asp Ser Val Lys Gly Arg Phe Thr He 
50 55 60 

TCC AGA CAC AAT GCC GAA AAC ACC CTG TAC TTT CAA ATG AGC AGT CTG 240 

Ser Arg His Asn Ala Glu Asn . Thr Leu Ty^ 

65 70 75 80 

AGG TCT GAG GAC ACG GCA ATA TAT TAT TGT GTT AGA CAG ACG GGT TAC 288 

Arg Ser Glu Asp Thr Ala He Tyr Tyr Cys Val Arg Gin Thr Gly Tyr 
85 90 95 



TAT GGC AAC TAC GAA TGG TTT GCT TAC TGG GGC CAA GGA CTT CTG GTA 
Tyr Gly Asn Tyr Glu Trp Phe Ala Tyr Trp Gly Gin Gly Leu Leu Val 
100 " 105 " 110 



336 



ACT GTT TCT GCA 
Thr Val Ser Ala 

H5 -.r^ 



348 
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(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(M LENGTH:, 116 amino acids 
(B) TYPE: amino acid 
JD) TOPOLOGY: linear 

(ii) MOLBCOLB TYPE: protein 

(xi) SEOOENCE DESCRIPTION: SEQ ID NO: 12: 

Scr Oly Gly Gly Ser Val Lys Pro Gly Gly Ser Leu Lys Leu Ser Cys 
15 10 15 

Ala Ala Ser Gly Phe Thr Phe Ser Ser Arg Ala Met Ser Trp Val Arg 
20 25 30 

Gin Thr Pro Glu Lys Arg Leu Glu Trp Val Ala Thr lie Ser Ser Gly 
35 40 45 

Gly Ser Tyr Thr Tyr Tyr Pro Asp Ser Val Lys Gly Arg Phe Thr lie 
50 55 60 

Ser Arg His Asn Ala Glu Asn Thr Leu Tyr Phe Gin Met Ser Ser Leu 
65 70 75 80 

Arg Ser Glu Asp Thr Ala lie Tyr Tyr Cys Val Arg Gin Thr Gly Tyr 
85 90 95 

Tyr Gly Asn Tyr Glu Trp Phe Ala Tyr Trp Gly Gin Gly Leu Leu Val 
100 105 110 

Thr Val Ser Ala 
115 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 321 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: ' ^ 

(B) STRAIN: Light chain variable region for 
monoclonal antibody IFlO 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..321 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

GAC ATC CAG AT6 ACC CAG TCT CCA TCC TCC TTA TCT GCC TCT CTG GGA 
Asp lie 61nH'>"- Thr Gin Ser^^ro Ser Ser Leu Ser Ala Ser Leu Gly 

1 5 10 ^ IS 
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GMl AGA GTC act CTC act TGT CGG GCC AGT CAG gag ATT GGT AGT AGT 96 
Glu Arg Val Thr Leu Thr Cys Arg Ala Ser Gin Asp lie Gly Ser Ser 
20 25 30 

TTA AAC TGG CTT CAG CTG AAA CCA GAT GGA ACT ATT AAA CGG CTG ATC 144 
Leu Asn Trp Leu Gin Leu .Lys Pro Asp Gly Thr He Lys Arg Leu He 
35 . 40 .45 

TAC GCC ACA TCC GGT TTA GAT TCT GOT GTC CCC AAA AGG TTC AGT GGC 192 
Tyr Ala Thr Ser Gly Leu Asp Ser Gly Val Pro Lys Arg Phe Ser Gly 
50 55 60 

AGT AGG TCT GGG TCA GAT TAT TCT CTC ACC ATC AAC AGC CCT GAG TCT 240 
Ser Arg Ser Gly Ser Asp Tyr Ser Leu Thr He Asn Ser Pro Glu Ser 
65 70 . 75 80 

GAA GAT TTT GTA GAC TAT TAC TGT CTA CAA TGT TCT AAT TCT CCG TAC 288 
Glu Asp Phe Val Asp Tyr Tyr Cys Leu Gin Cys Ser Asn Ser Pro Tyr 
85 90 95 

ACG TTC GGA GGG GGG ACC AAG CTG GAA ATA AAA 321 
Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys 
100 105 



(2) INFORMATION FOR SBQ ID NO:14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO;14: 

Asp He Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Leu Gly 
15 10 15 

Glu Arg Val Thr Leu Thr Cys Arg Ala Ser Gin Asp He Gly Ser Ser 
20 25 30 

Leu Asn Trp Leu Gin Leu Lys Pro Asp Gly Thr He Lys Arg Leu He 
35 40 45 

Tyr Ala Thr Ser Gly Leu Asp Ser Gly Val Pro Lys Arg Phe Ser Gly 

50 - .55 60 

Ser Arg Ser Gly Ser Asp Tyr Ser Leu Thr He Asn Ser Pro Glu Ser 
€5 70 75 80 

Glu Asp Phe Val Asp Tyr Tyr Cys Leu Gin Cys Ser Asn Ser Pro Tyr 
85 90 95 

Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys 
100 105 



(2) INFORMATION FOR SEQ ID NO: 15: 

{: ) SE^JENCr: C^=lARACTBfiSX\C3 : 

(A) LE7IC1T3 336 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDBDNESS : single 

(D) TOPOLCXSY: linear 

(ii) MOLECUIiE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: , . . , 

(B) STRAIN: Light chain variable region for 
monoclonal antibody 4A10 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1,.336 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

GAT GTT TTG ATG ACC CAA ACT CCA CTC TCC CTG CCT GTC AGT CTT GGA 48 
Asp Val Leu Met Thr Gin Thr Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 

OAT CAA GCC TCC ATC TCT TGC AGA TCT AGT CAG AQC ATT GTA CAT AGT 96 
aS Gin Ala ser He Ser Cys Arg Ser Ser Gin Ser He Val His Ser 



20 



AAT GGA AAC ACC TAT TTA GAA TGG TAC CTG CAG AAA CCA GGC CAG TCT X44 
Am Gly Asn Thr Tyr Leu Glu Trp Tyr Leu Gin Lys Pro Gly Gin Ser 

40 45 



35 



CCA AAG CTC CTG ATC TAC AAA GTT TCC AAC CGA TTT TCT GGG GTC CCA 192 
^ Lys Leu Leu He Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 

55 60 



50 



GAC AGO TTC AGT GGC AGT GGA TCA GGG ACA GAT TTC ACA CTC AAG ATC 240 
ASP Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys He 
65 70 75 80 

AGC AGA GCG GAG GCT GAG GAT CTG GGA GTT TAT TAC TGC TTT CAA GGT 288 
ser Arg Ala Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Gin Gly 
85 90 " 

TCA CAT GTT OGG TAC ACG TTC GGT GGA GGC ACC AAG CTG GAA ATC AAA 336 
ser His Val Arg Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys 
100 105 HO 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 112 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQtJENCE DESCRIPTION: SEQ ID NO:l6: 
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Pro Lys Leu Leu lie Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 
50 S5 €0 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys lie 
65 70 75 80 . 

Ser Arg Ala Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Gin Gly 
.85 90 95 

Ser His Val Arg Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu lie Lys 
100 105 110 



(2) INFORMATION FOR SEQ ID N0:17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 336 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: X3INA (genomic) 

(vi) ORIGINAL SOURCE: 

(B) STRAIN: Light chain variable region for 
monoclonal antibody ICll 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..336 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

GAC TTA GTG CTT ACA CAG TCT CCT CCT TCC TTA GCT GTA TCT CTG GGG 48 
Asp Leu Val Leu Thr Gin Ser Pro Pro Ser Leu Ala Val Ser I-eu Gly 
15 10 15 

CAG AGG TCC ACC ATC TCT TGC AGA TCT AGT CAG AGC ATT OTA CAT AGT 96 
Gin Arg Ser Thr lie Ser Cys Arg Ser Ser Gin Ser lie Val His Ser 
20 25 30 

AAT GGA AAC ACC TAT TTG CAC TGG TAC CAA CAG AAT CCA GGG CAG CCA 144 
Asn Gly Asn Thr Tyr Leu His Trp Tyr Gin Gin Asn Pro Gly Gin Pro 
35 40 45 

CCG AAA CTC CTC ATC AAG TAT GCA TCC AAC CTA GAA TCT GGG GTC CCT 192 
Pro Lys Leu Leu lie Lys Tyr Ala Ser Asn Leu Glu Ser Gly Val Pro 
50 55 60 

GCC AGG TTC AGT GGC AGT GGG TCT GGG ACA GAC TTC ACC CTC AAC ATC 240 
Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn lie 
65 70 75 80 

CAT CCT GCG GAG GTG GAA GAT AGT GCA ACA TAT TTC TGT CAA CAC AGT 28 S 

His Pro Ala Glu Val Glu Aso Ser Ala Thr T\'r Phe Cys Gin His Ser 
85 " 50 95 

TGG GAG ATT CCT CCG ACG TTC GGT GGA GGC ACC AAG TTG GAA ATC AAA 336 
VTrp Glu lie fxo Pro Tl^^he eiy Gly Oly Thr L/s Leu Glu lie Lys 
100 ^ 105 110 
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(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 112 amino acids 

(B) TYPE: ainino acid 
(D). TOPOLOGY: linear 

(ii) MOlicOLE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Asp Leu Val Leu Thr Gin Ser Pro Pro Ser Leu Ala Val Ser Leu Gly 

1 5 .10 15 . 

Gin Arg Ser Thr lie Ser Cys Arg Ser Ser Gin Ser lie Val His Ser 
20 25 30 

Asn Gly Asn Thr Tyr Leu His Trp Tyr Gin Gin Asn Pro Gly Gin Pro 
35 .40 45 

Pro Lys Leu Leu lie Lys Tyr Ala Ser Asn Leu Glu Ser Gly Val Pro 
50 55 60 

Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn lie 
65 70 75 80 

His Pro Ala Glu Val Glu Asp Ser Ala Thr Tyr Phe Cys Gin His Ser 

85 90 95 

Trp Glu lie Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu lie Lys 
100 105 110 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 321 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(B) STRAIN: Light chain variable region for 
monoclonal antibody 564 

(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 1..321 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

GAC ATC CAG ATG ACC CAG TCT CCA TCC TCC TTA TCT GCC TCT CTG GGA 48 
Asp lie Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Leu Gly 
1 5 10 15 

GAA AGA GTC ACT CTC ACT TGT CGG GCC AGT CAG GAC ATT GOT ACT AGT 55 
Glu Arg Val Thr Leu Thr Cys Arg Ala Ser Gin Asp lie Gly Ser Ser 
20 25 30 

TTA AAC TGG CTT CAG CTG AAA CCA GAT GGA ACT ATT AAA CGC CTG ATC 144 
Leu Asn Trv^^uSWn Leu Lys ^to Asp Gly Thr lie Lys Arg Leu He 

35 A O 45 
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TAC GCC ACA TCC GGT TTA GAT TCT GGT GTC CCC AAA AGG TTC AGT GGC 192 
Tyr Ala Thr Ser Gly Leu Aso Ser Gly Val Pro Lys Arg Phe Ser Gly 
50 55 60 

AGT AGG TCT GGG TCA GAT TAT TCT CTC ACC ATC AAC AGO OCT GAG TCT 240 
Ser Arg Ser Gly Ser Asp Tyr Ser Leu Thr lie Asn Ser Pro Glu Ser 
65 70 75 80 

GAA GAT'tTT GTA GAG TAT TAC T6T CTA CAA TGT TCT AAT TCT CCG TAC 288 
Glu Asp Phe Val Asp Tyr Tyr Cys Leu Gin Cys Ser Asn Ser Pro Tyr 
85 90 95 

ACG TTC GGA GGG GGG ACC AAG CTG GAA ATA AAA 321 
Thr Phe Gly Gly Gly Thr Lys Leu Glu lie Lys 
100 105 



(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE: amino acid 
(P) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 

Asp He Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Leu Gly 
15 10 15 

• 

Glu Arg Val Thr Leu Thr Cys Arg Ala Ser Gin Asp He Gly Ser Ser 

20 25 30 

Leu Asn Trp Leu Gin Leu Lys Pro Asp Gly Thr He Lys Arg Leu He 
35 40 45 

Tyr Ala Thr Ser Gly Leu Asp Ser Gly Val Pro Lys Arg Phe Ser Gly 
50 55 60 

Ser Arg Ser Gly Ser Asp Tyr Ser Leu Thr He Asn Ser Pro Glu Ser 
65 70 75 80 

Glu Asp Phe Val Asp Tyr Tyr Cys Leu Gin Cys Ser Asn Ser Pro Tyr 
85 90 95 

Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys 
100 105 



(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 321 base pairs 

(B) TYPE: nucleic acid 

(C) STRAMDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

V . (via ORIGINAL SGTOmiga m - ^ 

^ (B) STRijfilfV\ Light chain variable region for .f 

monoclonal antibody 23F8 
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(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..321 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

GAC ATC CAG ATQ ACC CAG TCT CCA TCC TCA CTG TCT GCA TCT CTG GGA 48 
Asp lie Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Leu Gly 
15 10 15 

GGC AAA GTC ACC ATC ACT TGC AAG GCA AGC CAA GAC ATT AAC AAG TAT 96 
Gly Lys Val Thr lie Thr Cys Lys Ala Ser Gin Asp He Asn Lys Tyr 
20 25 30 

ATA GCT TGG TAC CAA CAC AAG CCT GGA AAA GGT CCT AGG CTG CTC ATA 144 
He Ala Trp Tyr Gin His Lys Pro Gly Lys Gly Pro Arg Leu Leu He 
35 40 45 

CAT TAC ACA TCT ACA TTA CAG CCA GGC ATC CCA TCA AGG TTC AGT GGA 192 
Hie Tyr Thr Ser Thr Leu Gin Pro Gly lie Pro Ser Arg Phe Ser Gly 
50 55 60 

AGT GGG TCT GGG AGA GAT TAT TCC TCC AGC ATC AGC AAC CCG GAG CCT 240 
Ser Gly Ser Gly Arg Asp Tyr Ser Phe Ser He Ser Asn Pro Glu Pro 
65 70 75 80 

GAA GAT ATT GCA ACT TAT TAT TGT CTA CAG TAT GAT AAT TCT CTG TTC 288 
Glu Asp He Ala Thr Tyr Tyr Cys Leu Gin Tyr Asp Asn Ser Leu Phe 
85 90 95 

ACG TTC GGC TCG GGG ACA AAG TTG GAA ATA AAA 321 
Thr Phe Gly Ser Gly Thr Lys Leu Glu He Lys 
100 105 



(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

Asp He Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Leu Gly 
15 10 15 

Gly Lys Val Thr He Thr Cys Lys Ala Ser Gin Asp He Asn Lys Tyr 
20 25 30 

He Ala Trp Tyr Gin His Lys Pro Gly Lys Gly Pro Arg Leu Leu He 
35 40 45 

His Tyr Thr Ser Thr Leu Gin Pro Gly He Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Arg Asp Tyr Ser Phe Ser He Ser Asn Pro Glu Pro 
65 • ' 70 ' • r 80 

Glu Asp He Ala Thr Tyr T/r Cys Leu Gla '. yr Asp Asn Ser Leu Phe 
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90 



95 



Thr Phe Gly Ser Gly Thr Lys Leu Glu He Lys 
100 105 



(2) IKFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 321 base pairs 

(B) TYPE: nucleic acid 
(CI STRANDEDNBSS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(B) STRAIN: Light chain variable regi 
monoclonal antibody 2D5 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..321 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 



GAG CTC GTG ATG ACC CAG TCT CCA GCC TCC CTA TCT GCA TCT GTG GGA 
Glu Leu Val Met Thr Gin Ser Pro Ala Ser Leu Ser Ala Ser Val Gly 



GAA ACT GTC ACC ATC ACA TGT CGA GCA AGT GAG AAT ATT TAC GGT TAT 
Glu Thr Val Thr lie Thr Cys Arg Ala Ser Glu Asn lie Tyr Gly Tyr 



TTA GCA TGG TAT CAG CAG AAA CAG GGA AAA TCT CCT CTG CCC CGG GTC 
Leu Ala Trp Tyr Gin Gin Lys Gin Gly Lys Ser Pro Leu Pro Arg Val 
35 40 45 

TAT AAT GCA AAA ACC TTA GCA GAG GAT GTG TCA TCA AGG GTC AGT GGC 
Tyr Asn Ala Lys Thr Leu Ala Glu Asp Val Ser Ser Arg Val Ser Gly 
50 55 60 

AGT GGA TCA GGC ACA CAG TTT TCT CTG AAG ATC AGG ACA TCG CAG CCT 
Ser Gly Ser Gly Thr Gin Phe Ser Leu Lys He Arg Thr Ser Gin Pro 
65 70 75 80 

GAA GAT TTT GGG ACT TAT TAC TGT CAA CAT CAT TAT GGT ACT CCG TAC 
Glu Asp Phe Gly Thr Tyr Tyr Cys Gin His His Tyr Gly Thr Pro Tyr 
85 90 95 

ACG TTC GGA GGG GGG ACC AAG CTG GAA ATA AAA 
Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys 



48 
96 
144 
192 
240 
268 
321 



100 



105 



(2) INFOPKATTON 




ID NO: 24: 



wo 95/20607 



PCTAJS9SA)1199 



69 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE: amino acid 
• (D) TOPOLOGY: linear 

(ii-) MOLECULE TYPE: protein 

(xi)' SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

Glu Leu Val Met Thr Gin Ser Pro Ala Ser Leu Ser Ala Ser Val Gly 
1-5 XO 15 

Glu Thr Val Thr lie Thr Cys Arg Ala Ser Glu Ash lie Tyr Gly Tyr 
20 25 30 

Leu Ala Trp iyr Gin Gin Lys Gin Gly Lys Ser Pro Leu Pro Arg Val 
35 40 45 

Tyr Asn Ala Lys Thr Leu Ala Glu Asp Val Ser Ser Arg Val Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Gin Phe Ser Leu Lys lie Arg Thr Ser Gin Pro 
65 70 75 80 

Glu Asp Phe Gly Thr Tyr Tyr Cys Gin His His Tyr Gly Thr Pro Tyr 
85 90 95 

Thr Phe Gly Gly Gly Thr Lys Leu Glu lie Lys 
100 105 



(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 321 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(B) STRAIN: Light chain variable region for 
monoclonal antibody 5B6 

(ix) FEATURE: 

(A) NAMB/KEY: CDS 

(B) LOCATION: 1..321 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

GAC ATC CAG ATG ACC CAG TCT CCA TCC TCC TTA TCT GCC TCT CTG G6A 48 
Asp He Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Leu Gly 
15 10 15 

GAA AGA 6TC ACT CTC ACT TGT CGG GCC AGT CAG GAC ATT GGT AGT AGT 96 
Glu Arg Val Thr Leu Thr Cys Arg Ala Ser Gin Asp He Gly Ser Ser 
20 25 30 

TTA AAC TGG CTT CAG CTG, AAA CCA GAT GGA ACT ATT AAA CGC CTG ATC 144 

Leu AsT^"''" : ■" h&a Gin LeiiP Lys Pro Asp Gly Thr He Lys Arg Leu He 

Vsli^: 40 4 5 



WO»5/20W7 



PCT/US95/01199 



70 



TAG GCC ACA TCC GGT TTA GAT TCT GGT GTC CCC AAA AGG TTC AGT GGC 
Tyr Ala Thr Ser Gly Leu Asp Ser Gly Val Pro Lys Arg Phe Ser Gly 
50 55 60 



192 



AGT AGG TCT GGG TCA GAT TAT TCT CTC ACC AtC AAC AGC CCT GAG TCT 240 
Ser Arg Ser Gly Ser Asp Tyr Ser Leu Thr He Asn Ser Pro Glu Ser 
€5 70 75 80 

GAA GAT TTT GTA GAC TAT TAC T6T CTA CAA TGT TCT AAT TCT CCQ TAC 268 
Glu Asp Phe Val Asp Tyr Tyr Cys Leu Gin Cys Ser Asn Ser Pro Tyr 
85 90 95 



ACG TTC GGA GGG GGQ ACC AA6 CTG GAA ATA AAC 
Thr Phe Gly Gly Gly Thr Lys Leu Glu lie Asn 
100 105 



321 



(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TyPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ZD MO: 26: 

Asp He Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Leu Gly 

15 10 15 

Glu Arg Val Thr Leu Thr Cys Arg Ala Ser Gin Asp He Gly Ser Ser 
20 25 30 

Leu Asn Trp Leu Gin Leu Lys Pro Asp Gly Thr He Lys Arg Leu He 
35 40 45 

Tyr Ala Thr Ser Gly Leu Asp Ser Gly Val Pro Lys Arg Phe Ser Gly 
50 55 60 

Ser Arg Ser Gly Ser Asp Tyr Ser Leu Thr He Asn Ser Pro Glu Ser 
65 70 75 80 

Glu Asp Phe Val Asp Tyr Tyr Cys Leu Gin Cys Ser Asn Ser Pro Tyr 
85 90 95 

Thr Phe Gly Gly Gly Thr Lys Leu Glu He Asn 
100 105 



(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
>.v ' ■ 4 - »^ •• 

(vi) ^ORIGINAL SOURCE: ^* 

(3) STRAIN: Primer 2034 \si. for cDKA synthesis aqtr 
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PCR amplification 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 
GCCAGTGATC'AAGGGTTAGA CCAGATGGGG CTGT . ; 34 
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(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 30 base pairs 
(B) TYPE: nucleic acid 
iC) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii)' MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(B) STRAIN: Primer 438 used for cDNA synthesis 
PCR airplif ication 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 

GGCAGCACTA GTAGGGGCCA GCAGTGGATA 30 



(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(B) STRAIN: Primer SS92 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 

GGACTTCCGA GCTCGATGTT TTGATGACCC AAACTCCAC 39 



(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(B) STRAIN: Primer 33615 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

GAAGATCTAG ACTTACTATG CAGCATCAGC 30 



(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE jSteilACffeRISTICS : " . 

(A) LENCTH: ^9 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: . 

(B) STRAIN: Primer SS119 

(xiT Sequence description: seq id no:3i 

CCAGTTCCGA GCTCGACATG CAGATGACCC AGTCTCCAT 



(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(B) STRAIN: Strain SS131 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32 
AGGTCCAGCT GCTCGAGGTC CAGCTGCAGC AGT 



(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(B) STRAIN: Strain 65656 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33 

AGGAGACTAG TGGTTACTAA TTTGGGAAGG ACTG 



(2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(i i y ^f "^"TT T^g TYPE? DNA ( genomic '■ 

X;: 

(vi) ORIGINAL SOURCE: 
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(B) STRAIN: Vha Primer 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 
AGGTCCAGCT GCTCGAGTCT GG . 22 

(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Vi) ORIGINAL SOURCE: 

(B) STRAIN: VH primer 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 

AGGTCCAACT GCTCGAGTCT QG 22 



(2) INFORMATION FOR SEQ ID NO:36: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36: 
GAGACGACTA GTGGTGGCGG TGGCTCTCCA TTCGTTTGTG AATATCAA 



(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 
TTACTAGCTA GCATAATAAC GGAATACCCA AAAGAACTGG 



{Z) :K?C^MATION FOR SECflU^O:2S: 
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(i) , SEQtTEKCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 
. (DJ TOPOLOGY: linear 

(ii) MOLECDLE TYPE: DMA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38 
TATGCTAGCT AGTAACACGA CAGGTTTCCC 6ACTGG 



(2) INFORMATION FOR SEQ ID NO:39: 

. (i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLBCOLB TYPE: DNA (genomic) 



(xi) SEQUENCB DESCRIPTION: SEQ ID NO: 39 
AGCTTTGAAT TC(3T(3AAATT GTTATCCGCT 
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WHAT IS CLAIMED IS: 

1. An isolated nucleic acid sequence coding for a 
heavy chain Fd fragment of a monoclonal antibody, 

5 -~ wherein the monoclonal antibody immunoreacts with a 
mercury cation, and wherein the nucleic acid 
sequence includes a sequence selected from the 
group consisting of the sequence for the heavy 
• chain variable region from monoclonal antibody 4A10 

10 (SEQ ID N0:1), the sequence for the heavy chain 

variable region from monoclonal antibody ICll (SEQ 
ID NO: 2), the sequence for the heavy chain variable 
region of monoclonal antibody 5G4 (SEQ ID N0:3) , 
the seq[uence for the heavy chain variable region of 

15 monoclonal antibody 23F8 (SEQ ID N0:4) , the 

sequence for the heavy chain variable region for 
monoclonal antibody 2D5 (SEQ ID NO: 5), and the 
sequence for the heavy chain variable region for 
monoclonal antibody 5B6 (SEQ ID N0:6) , 

20 

2, An isolated nucleic acid sequence coding for a 
light chain of a monoclonal antibody, wherein the 
monoclonal antibody immunoreacts with a mercury 
cation, and wherein the nucleic acid sequence 

25 includes a sequence selected from the group 

consisting of the sequence for the light chain 
variable region from monoclonal antibody IFIO (SEQ 
ID NO: 7), the sequence for the light chain variable 
region from monoclonal antibody 4A10 (SEQ ID NO: 8), 
30 the secpience for the light chain variable region 

from monoclonal antibody ICll (SEQ ID NO: 9), the 
sequence for the light chain variable region of 
monoclonal antibody 5G4 (SEQ ID NO: 10), the 
sequence for the light chain variable region for 
35 monoclonal antibody 23F8 (SEQ ID NO: 11), the 

sequence for the light chain variable region for 
morioci^nal antibody 2D5 ID NO: 12), and the 
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sequence for the light chain variable region for 
monoclonal antibody 5B6 (SEQ ID N0;13) . 

An expression cassette comprising: 

a nucleic acid sequence coding for a 
heavy chain Fd fragment of a monoclonal antibody, 
wherein the monoclonal antibody immunoreacts with a 
mercury cation, wherein the nucleic acid sequence 
includes a sequence selected from the group 
consisting of the sequence for the heavy chain 
variable region from monoclonal antibody 4A10 (SEQ 
ID NOrl), the sequence for the heavy chain variable 
region from monoclonal antibody ICll (SEQ ID NO: 2), 
the sequence for the heavy chain variable region of 
monoclonal antibody 5G4 (SEQ ID NO:3), the sequence 
for the heavy chain variable region of monoclonal 
antibody 23F8 (SEQ ID N0:4) , the sequence for the 
heavy chain variable region for monoclonal antibody 
2D5 (SEQ ID NO: 5), and the secjuence for the heavy 
chain variable region for monoclonal antibody 5B6 

(SEQ ID NO:6) ; and 

wherein the nucleic acid sequence coding for 

the heavy chain Fd fragment is operably linked to a 
promoter fxinctional in a vector. 

An expression cassette according to claim 3 further 
comprising a leader sequence located between the 
promoter and the nucleic acid sequence, wherein the 
leader sequence functions to direct the heavy chain 
Fd fragment to a membrane in a host cell. 

An expression cassette comprising: 

(a) a nucleic acid sequence coding for a 
light chain for a monoclonal antibody, wherein the 
monoclonal antibody immunoreacts with a mercury 
cation,. .> wherein the nucleic acid sequence includes 
sequence selected from the group consisting of 
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the sequence for the light chain variable region 
from monoclonal antibody IFIO (SEQ ID NO: 7), the 
sequence for the light chain variable region from 
monoclonal antibody 4 AlO (SEQ ID NO: 8), the 
sequence for . the light chain variable region of 
monoclonal antibody ICll (SEQ ID NO: 9), the 
sequence for the light chain variable region of 
monoclonal antibody 5G4 (SEQ ID NO: 10), the 
sequence for the light chain variable region for 
monoclonal antibody 23F8 (SEQ ID NOrll), the 
sequence for the light chain variable region for 
monoclonal antibody 2D5 (SEQ ID NO: 12), and the 
sequence for the light chain variable region for 
monoclonal antibody 5B6 (SEQ ID NO: 13) ; and 

wherein the nucleic acid secpience coding 
for the light chain is operably linked to a 
promoter functional in a vector. 

An expression cassette according to claim 5 further 
comprising a leader sequence located between the 
promoter and the nucleic acid sequence, wherein the 
leader sequence functions to direct the light chain 
to a membrane in a host cell. 

An expression cassette coding for a fusion protein 
comprising: 

(a) a first nucleic acid sequence coding 
for a heavy chain Fd fragment of a monoclonal 
antibody, wherein the monoclonal antibody reacts 
with mercury cation, wherein the first nucleic acid 
sequence includes a sequence selected from the 
group consisting of the sequence for the heavy 
chain variable region from monoclonal antibody 4A10 
(SEQ ID NO:l), the sequence for the heavy chain 
variable region from monoclonal antibody ICll (SEQ 
ID NO: 2)-, the sequence for the heavy chain variable 
region *o£;'^c$^clonal antibody 5G4 (SEQ ID'^-B) , 
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the sequence for the heavy chain variable region of 
monoclonal antibody 23 F8 (SEQ ID N0:4), the 
sequence for the heavy chain variable region for 
monoclonal antibody 2D5 (SEQ ID NO: 5), and the 
5 , sequence .for the heavy chain variable reigion for 

monoclonal antibody 5B6 (SEQ ID N0:6) , and wherein 
the first nucleic acid sequence is linked for 
CO- expression to 

(b) a second nucleic acid sequence 

10 * coding for a phage coat protein or a portion 

thereof, thereby forming a nucleic acid sequence 
encoding the fusion protein, wherein the fusion 
protein includes the heavy chain Fd fragment fused 
to the phage coat protein or portion thereof; and 

15 (c) a promoter that is functional in ai 

vector, wherein the promoter is operably linked to 
the first and second nucleic acid sequences and 
provides for expression of the fusion protein. 

20 8. An expression cassette according to claim 7 further 
comprising a leader sequence located between the 
promoter and the nucleic acid sequence coding for 
the fusion protein, wherein the leader secpaence 
directs expression of the fusion protein to a 

25 membrane of a host cell. 

9. An expression cassette according to claim 7, 
wherein the expression cassette further comprises a 
third nucleic acid sequence coding for a peptide 

30 linker, wherein the third nucleic acid sequence is 

located between the first and second nucleic acid 
sequences . 

10. An expression cassette comprising: 

35 (a) a first nucleic acid sequence coding 

for a heavy chain Fd fragment of a monoclonal 
antibody, wherein the monocloaa'. antibody 
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immunoreacts with a mercury cation, wherein the 
first nucleic acid sequence includes a sequence 
selected from the group consisting of the sequence 
for the heavy chain variable region from monoclonal 
antibody 4A10 (SEQ ID N0:1>, the sequence for the 
heavy chain variable region from monoclonal 
antibody ICll (SEQ ID N0:2) , the sequence for the 
heavy chain variable region of monoclonal antibody 
5G4 (SEQ ID N0:3), the sequence for the heavy chain 
variable region of monoclonal antibody 23F8 (SEQ ID 
NO: 4) , the sequence for the heavy chain variable 
region for monoclonal antibody 2D5 (SEQ ID NO: 5), 
and the sequence for the heavy chain variable 
region for monoclonal antibody 5B6 (SEQ ID NO: 6), 
and wherein the first nucleic acid sequence is 
linked for co-expression to 

(b) a second nucleic acid sequence for 
phage coat protein or a portion thereof to form a 
nucleic acid sequence encoding a fusion protein, 
wherein the fusion protein includes the heavy chain 
Fd fragment fused to the phage coat protein or 
portion thereof; 

(c) a first promoter that is functional 
in a vector, wherein the first promoter is operably 
linked to the nucleic acid sequence encoding the 
fusion protein and provides for expression of the 
fusion protein; and 

(d) a fourth nucleic acid sequence 
coding for a light chain of an antibody; 

wherein the fourth nucleic acid sequence 
is operably linked to a second promoter functional 
in the vector, and wherein the first and second 
promoters are coordinately expressed. 

An expression cassette according to claim 10, 
v;herein the light chain is a light chain of a 
rc^c\onai antibody which immunoreacts with a 



PCTAJS95/01199 



81 

mercury cation, and wherein the fourth nucleic acid 
sequence includes a sequence selected from the 
group consisting of the sequence for the light 
chain variable region from monoclonal antibody IFIO 
(SEQ ID NO: 7), the sequence for the light chain 
variable region from monoclonal antibody 4A10 (SEQ 
ID NO; 8), the sequence for the light chain variable 
region of monoclonal antibody ICll (SEQ ID NO: 9), 
the secjuence for the light chain variable region of 
monoclonal antibody 5G4 (SEQ ID NO:10), the 
sequence for the light chain variable region for 
monoclonal antibody 23F8 (SEQ ID NO: 11), and the 
sequence for the light chain variedDle region for 
monoclonal antibody 2D5 (SEQ ID NO: 12) and the 
sequence for the light chain varicible region for 
monoclonal antibody 5B6 (SEQ ID N0:13) . 

A phagemid vector having the expression cassette of 
claim 10. 

A metal binding polypeptide comprising an amino 
acid secjuence for a heavy chain Fd fragment from a 
monoclonal antibody, wherein the monoclonal 
antibody immunoreacts with a mercury cation, and 
wherein the sequence for the heavy chain Fd 
fragment is selected from the group consisting of 
the sequence for the heavy chain variable region 
from monoclonal antibody 4A10 (SEQ ID NO: 14), the 
sequence for the heavy chain variable region from 
monoclonal antibody ICll (SEQ ID NO: 15), the 
sequence for the heavy chain variable region of 
monoclonal antibody 5G4 (SEQ ID N0:16) , the 
seG[uence for the heavy chain variable region of 
monoclonal antibody 23F8 (SEQ ID NO: 17), the 
sequence for the heavy chain variable region for 
monoclonal antibody 2D5 {SEQ ID N0:18), and the 

. •••• • •. '-v . .. 

Nrvequence for the heavy chain variable region for 
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monoclonal antibody SBS (SEQ ID NO: 19) . 

14.. The polypeptide of claim 13 further comprising a 
. heavy chain Fc fragment fused to the heavy chain Fd 
5 • " fragment . 

15. The polypeptide of claim 13 further comprising a 
phage coat protein or portion thereof fused to the 
heavy chain Fd fragment. 

10 

16. A heavy chain of a monoclonal antibody, wherein the 
monoclonal antibody immunoreacts with a mercury 
cation, and wherein the heavy chain includes an 
amino acid sequence selected from the group 

15 consisting of the sequence for the heavy chain 

variable region from monoclonal antibody 4A10 (SEQ 
ID NO: 14), the sequence for the heavy chain 
variable region from monoclonal antibody ICII (SEQ 
ID N0:15) , the sequence for the heavy chain 

20 variable region of monoclonal antibody 5G4 (SEQ ID 

NO: 16), the sequence for the heavy chain variable 
region of monoclonal antibody 23F8 (SEQ ID NO: 17), 
the sequence for the heavy chain variable region 
for monoclonal antibody 2D5 (SEQ ID N0:18) , and the 

25 sequence for the heavy chain variable region for 

monoclonal antibody 5B6 (SEQ ID N0:19) . 

17. A fusion protein comprising a heavy chain Fd 
fragment of a monoclonal antibody and a phage coat 

30 protein or portion thereof, wherein the monoclonal 

antibody immxmoreacts with a mercury cation. 



18. The fusion protein of claim 17 wherein the mercury 
35 cation is a mercuric cation. 

' A phage* c^^i sing a fusion protein according to # p 
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claim 17 and a light chain of an antibody. 

20. The phage of claim 19 wherein the light chain is a 
light chain of a monoclonal antibody, and wherein 

5 the monoclonal antibody immunoreacts with the 

mercury cation. 

21. The fusion protein of claim 17 wherein the phage 
"coat protein is a phage coat protein from a 

10 filamentous phage. 

22. The fusion protein of claim 21 wherein the phage 
coat protein is a cpIII phage coat protein derived 
from filamentous phage M13. 

15 

23 . A metal binding polypeptide comprising an amino 
acid sequence for a light chain from a monoclonal 
antibody, wherein the monoclonal antibody 
immunoreacts with a mercury cation, and wherein the 

20 sequence for the light chain is selected from the 

group consisting of the sequence for the light 
chain variable region from monoclonal antibody IFIO 
(SEQ ID NO: 20), the sequence for the light chain 
variable region from monoclonal antibody 4A10 (SEQ 
25 ID NO: 21), the sequence for the light chain 

variable region of monoclonal antibody ICll (SEQ ID 
NO: 22),. the sequence for the light, chain variable 
region of monoclonal antibody 504 (SEQ ID NO:23) , 
the sequence for the light chain variable region 
30 for monoclonal antibody 23F8 (SEQ ID NO:24) , the 

sequence for the light chain variable region for 
monoclonal antibody 2D5 (SEQ ID N0:25) , and the 
sequence for the light chain variable region for 
monoclonal antibody 5B6 (SEQ ID NO:26) . 



35 



24. A light chain of a monoclonal antibody, wherein the 
'Morcclitnal antibody irroiunoreacts with a mercury 
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cation, and wherein the light chain includes an 
amino acid sequence selected from the group 
consisting of the sequence for the light chain 
variable region from monoclohal antibody IFIO (SEQ 
ID NO: 20)., the sequence for the light chain 
variable region from monoclonal antibody 4A10 (SEQ 
ID NO: 21), the sequence for the light chain 
variable region of monoclonal antibody ICll {SEQ ID 
NO:22) , the sequence for the light chain variable 
region of monoclonal antibody 5G4 (SEQ ID NO:23) , 
the sequence for the light chain variable region 
for monoclonal antibody 23F8 (SEQ ID NO: 24), the 
sequence for the light chain variable region for 
monoclonal antibody 2D5 (SEQ ID NO = 25), and the 
sequence for the light chain variable region for 
monoclonal antibody 5B6 (SEQ ID N0:26) . 

A recombinant ly produced Fab fragment that 

imraunoreacts with a mercuiry cation, wherein the Fab 
fragment has a heavy chain Fd fragment with an 
amino acid sequence selected from the group 
consisting of the sequence for the heavy chain 
variable region from monoclonal antibody 4A10 (SEQ 
ID NO: 14), the sequence for the heavy chain 
variable region from monoclonal antibody ICll (SEQ 
ID NO: 15), the sequence for the heavy chain 
variable region of monoclonal antibody 5G4 (SEQ ID 
NO: 16), the sequence for the heavy chain variable 
region of monoclonal antibody 23 F8 (SEQ ID N0:17) , 
the sec[uence for the heavy chain variable region 
for monoclonal antibody 2D5 (SEQ ID NO: 18), and the 
sequence for the heavy chain variable region for 
monoclonal antibody 5B6 (SEQ ID N0:1?) . 

A recombinantly produced Fab fragment that 
immunoreacts with a mercury cation, wherein the Fab 
f ^gfi^ent' has a light chain which includes an amino 
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acid sequence selected from the group consisting of 
the sequence for the light chain variable region 
from monoclonal antibody IFIO (SEQ ID NO: 20), the. 
sequence for the light chain variable region from 
monoclonal antibody 4A10 (SEQ ID NO: 21) , the 
sequence for the light chain variable region of 
monoclonal antibody ICll (SEQ ID NO:22) , the 
sequence for the light chain variable region of 
monoclonal antibody 5G4 (SEQ ID NO: 23), the 
sequence for the light chain variable region for 
monoclonal cuitibody 23F8 (SEQ ID NO:24) , the 
sequence for the light chain variable region for 
monoclonal antibody 2D5 (SEQ ID NO: 25), and the 
sequence for the light chain varied^le region for 
monoclonal antibody 5BG (SEQ ID NO: 26). 

A monoclonal antibody con^rising a Fab fragment 
that immunoreacts with a mercury cation, wherein 
the Fab fragment includes a heavy chain Fd fragment 
which comprises an amino acid sequence selected 
from the group consisting of the sequence for the 
heavy chain variable region from monoclonal 
antibody 4A10 (SEQ ID NO: 14), the sequence for the 
heavy chain variable region from monoclonal 
antibody ICll (SEQ ID NO: 15) , the sequence for the 
heavy chain variable region of monoclonal antibody 
5G4 (SEQ ID NO: 16), the sequence for the heavy 
chain varieUDle region of monoclonal antibody 23F8 
(SEQ ID NO: 17), the sequence for the heavy chain 
variable region for monoclonal antibody 2D5 (SEQ ID 
NO: 18), and the sequence for the heavy chain 
variable region for monoclonal antibody 5B6 (SEQ ID 
N0:19) . 

A monoclonal antibody according to claim 27 which 
is a recombinant ly produced monoclonal antibody. 
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29. A monoclonal antibody comprising a Fab fragment 
that immunoreacts with a mercury cation, wherein 
the Fab fragment includes a light chain which 
comprises an amino acid sequence selected from the 
5 - ^ group consisting of the sequence for the light 

chain variable region from monoclonal antibody IFIO 
(SEQ ID NO:20), the sequence for the light chain 
variable region from monoclonal antibody 4A10 (SEQ 
TD N0:21) , the sequence for the light chain 

10 variable region of monoclonal antibody ICll (SEQ ID 

NO: 22), the sequence for the light chain variable 
region of monoclonal antibody 5G4 (SEQ ID NO: 23), 
the sequence for the light chain varieUble region 
for monoclonal antibody 23F8 (SEQ ID NO:24) , the 

15 sequence for the light chain varicible region for 

monoclonal antibody 2D5 (SEQ ID NO:25) , and the 
sequence for the light chain variable region for 
monoclonal antibody 5B6 {SEQ ID NO:26) . 



20 30. A monoclonal antibody according to claim 3 0 which 
is a recombinant ly produced monoclonal antibody. 
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